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This  report  addresses  the  very  important  issue  of  latchup  windows  in  inte¬ 
grated  circuits.  This  is  a  serious  problem  and  requires  careful  consideration 
in  each  individual  case  of  system  design.  Latchup  may  cause  system  failure 
through  burnout  of  the  device  or  through  an  upset  of  the  circuit  in  which 
latchup  occurs.  The  existence  of  a  latchup  window  was  first  reported  by  re¬ 
searchers  performing  latchup  testing  of  MOS  integrated  circuits  (Refs.  1,2). 

It  was  found  that  latchup  would  occur  in  some  devices  for  only  a  small  range 
of  dose  rates.  At  dose  rates  below  a  critical  value,  the  device  would  not 
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would  again  not  occur.  These  tests  were  performed  using  high-energy  electrons 
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1.  LATCHUP  WINDOW  TESTS 


1.1  INTRODUCTION 

This  report  addresses  the  very  important  issue  of  latchup  windows  in  integrated 
circuits.  This  is  a  serious  problem  and  requires  careful  consideration  in  each  individual 
case  of  system  design.  Latchup  may  cause  system  failure  through  burnout  of  the  device 
or  through  an  upset  of  the  circuit  in  which  latchup  occurs. 

The  existence  of  a  latchup  window  was  first  reported  by  researchers  performing 
latchup  testing  of  M  OS  integrated  circuits  (Ref.  1,2).  It  was  found  that  latchup  would 
occur  in  some  devices  for  only  a  small  range  of  dose  rates.  At  dose  rates  below  a  critical 
value,  the  device  would  not  experience  latchup.  A  second  higher  dose  rate  range  was 
found  where  latchup  would  again  not  occur.  These  tests  were  performed  using  high- 
energy  electrons  (Linac)  and  were  performed  on  CMOS,  C  04000  series  devices. 

1.2  PURPOSE  OF  TESTS 

The  approach  taken  to  study  the  latchup  window  problem  is  broken  into  two  phases. 
Phase  I  constitutes  a  test  program  which  is  to  serve  as  an  existence  proof.  Phase  II  is 
designed  to  study  the  physical  mechanisms  which  are  responsible  for  the  latchup 
windows.  This  report  describes  the  series  of  tests  performed  in  the  Phase  I  program. 

1.3  SCOPE  OF  TESTS 

The  purpose  of  these  tests  is  to  demonstrate  that  latchup  windows  do  in  fact  exist  in 
CMOS  devices.  Although  the  previous  studies  of  latchup  windows  (Ref.  1,2)  discovered  a 
number  of  CMOS  devices  which  apparently  had  latchup  windows,  some  uncertainties  still 
exist  in  the  minds  of  many  designers.  The  results  were  based  on  the  tests  performed  in  a 


1.  f.  Harrity,  'Upset  and  Latchup  Thresholds  in  CD4000  CMOS  Devices,'  presented  at 
the  Annual  Conference  on  Nuclear  and  Space  Radiation  Effects,  Ithaca,  New  York, 
luly  1980  (Poster  Paper). 

2.  O.  Snowden  and  f.  Harrity,  ‘DNA  Support  Services,’  IRT  Technical  Report  IR  T  8198- 
024,  October  1980. 


5 


single  laboratory  under  a  particular  experimental  set  up.  The  first  objective  of  these 
tests  therefore,  is  to  demonstrate  the  existence  of  these  windows  using  an  entirely  new 
experimental  procedure. 

There  are  a  number  of  secondary  objectives  to  be  considered  in  the  latchup  window 
program.  One  of  these  addresses  the  issue  of  the  importance  of  the  existence  of  a 
latchup  window.  Some  designers  believe  that  if  a  device  is  latchup  prone,  the  device 
should  be  discarded  or  at  least  circumvented.  These  kinds  of  solutions,  however,  are  not 
always  possible;  therefore  it  will  be  important  to  determine  the  scope  of  the  latchup 
window  problem. 

A  second  series  of  tests  was  performed  on  two  types  of  bipolar  devices.  The  tests 
performed  on  the  bipolar  devices  were  less  extensive  than  those  performed  on  the  CMOS 
parts.  To  date,  no  one  has  reported  latchup  windows  in  bipolar  devices.  Only  a  few 
devices  were  available,  and  the  likelihood  of  finding  a  window  by  a  random  selection  of 
two  types  of  devices  is  quite  small.  Nevertheless,  a  search  for  windows  in  these  devices 
was  made. 


1.4  REPORT  ORGANIZATION 

The  first  part  of  this  report  will  describe  the  experimental  procedures  which  were 
used  in  these  tests.  The  second  part  will  describe  the  devices  which  were  used.  This  will 
be  followed  by  a  summary  of  the  observed  data  along  with  some  representative 
presentation  of  raw  data.  The  report  will  conclude  with  some  discussion  of  the  data  and 
some  of  the  anomalies  observed. 

A  copy  of  the  test  plan  used  for  the  Latchup  Window  tests  is  included  as  Appendix  A 
of  this  report.  In  addition,  a  copy  of  a  paper  submitted  for  publication  on  this  topic  is 
included  as  Appendix  B. 
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2.  EXPERIMENTAL  PROCEDURES 


2.1  FACILITIES 

Two  linear  accelerators  were  used  for  the  latchup  window  tests  performed  in  this 
program.  These  were:  1)  the  IKT  linear  accelerator  (LlNAC),  and  2)  the  rvhite  Sands 
Missile  Range  linear  accelerator.  The  IRT  facility  is  sted  in  San  Diego,  CA.  The 

White  Sands  facility  is  operated  by  the  Nuclear  Weap  Effects  Division  of  the  Army 

Missile  Test  and  Evaluation  Directorate,  at  the  White  S  -is  Missile  Range. 

2.1.1  IRT  Linear  Accelerator 

The  IRT  linear  accelerator  was  used  in  the  original  experiments  which  discovered 
latchup  windows  (Ref.  1).  Therefore,  it  was  important  to  cross-correlate  the  equipment 
and  dosimetry  used  at  the  two  facilities. 

The  IRT  Linac  was  used  for  the  initial  experimental  checkout  and  to  prove  the 
correct  operation  of  the  circuitry.  In  addition,  all  bipolar  devices  were  tested  at  the  IKT 
Linac. 


2.1.2  WSMR  Linear  Accelerator 

The  White  Sands  Missile  Range  Linac  was  the  principal  radiation  source  for  the 
CMOS  latchup  window  tests.  All  the  CMOS  tests  were  performed  during  a  week-long 
series  of  tests  at  this  facility. 

The  WSMR  facility  was  equipped  with  a  movable  table  in  the  exposure  area,  which 
made  the  variation  of  dose  rate  quite  easy.  The  facility  was  also  equipped  with 
sophisticated  data  logging  equipment  which  made  data  recording  extremely  convenient. 
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2.1.3  Operating  Characteristics 

The  operation  characteristics  of  the  two  Linac  facilities  are  described  in  References 
3  and  4.  Some  of  the  more  pertinent  features  of  the  White  Sands  Linac  are  given  in  the 
test  plan  which  is  included  as  Appendix  A  of  this  report.  Both  machines  were  operated  at 
approximately  20  MeV,  with  a  nominal  pulsewidth  of  approximately  70  ns.  In  actuality, 
the  dose  rate  range  available  for  tests  was  greater  at  the  White  Sands  facility. 

2.1.4  Equipment 

The  IR  T  Linac  facility  provided  oscilloscopes  and  some  peripheral  recording 
equipment.  All  transient  data  and  devices  were  recorded  on  Polaroid  film.  Dosimetry 
information  and  calibration  data  were  provided  by  the  facility. 

A  variety  of  measuring  equipment  was  provided  by  the  White  Sands  test  facility.  All 
radiation  response  data  were  recorded  on  Tektronix  7912  transient  digitizers.  Four 
channels  of  data  were  recorded  for  each  pulse  of  the  Linac,  and  the  pulse  shape  was 
monitored  using  a  PIN  diode. 

2.2  DOSIMETRY 

Dosimetry  was  performed  using  a  PIN  diode  mounted  near  the  test  device  package. 
The  PIN  response  was  recorded  for  each  pulse  of  the  Linac  and  was  integrated  to  provide 
the  dose  measurement.  The  integration  was  performed  automatically  by  the  WSMR 
computer.  The  PIN  was  periodically  calibrated  against  thermoluminescent  dosimetry 
(TLD).  The  TLD  was  provided  by  the  White  Sands  facility  and  the  calibration  was  made 
over  the  full  range  of  expected  dose.  The  resulting  calibration  curve  is  shown  in 
Figure  1.  The  pin  diode  response  shows  the  expected  nonlinearity  at  higher  dose  rates. 
This  is  caused  by  the  reduced  carrier  sweepout  in  the  pin  diode  at  high  dose  rates  because 
of  conductivity  effects  and  the  reduction  of  pin  diode  terminal  voltage  because  of  circuit 
voltage  drop. 

In  addition  to  the  above  dosimetry,  the  primary  photocurrent  was  measured  for  two 
2N2222  devices.  These  devices  were  used  for  measuring  correlations  and  were  also 
measured  at  the  IRT  Linac. 


3.  Experimenters'  Guide  for  Nuclear  Weapons  Effects  Laboratory  at  White  Sands  Missile 
Range,  New  Mexico. 

4.  Tree  Simulation  Facilities,  Second  Edition,  DNA  report  DNA2432H,  )an  1,  1979. 
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The  principal  dosimetry  used  at  the  IR  T  facility  was  a  secondary  emission  monitor 
(SEM)  which  provided  a  m  'sure  of  the  pulse-to-pulse  variability  of  the  Linac.  The  SEM 
was  initially  calibrated  against  gold  calorimetry  and  the  resulting  correlation  data  are 
shown  in  Figure  2. 

2.3  TEST  FIXTURE 

The  original  test  fixture  used  in  this  program  was  provided  by  the  NWSC,  Crane. 
The  fixture  had  been  constructed  and  used  in  other  test  programs  by  NWSC  personnel, 
this  fixture  included  four  line  drivers  and  bias  circuitry  to  provide  four  data  channels. 
New  electronic  circuitry  described  below,  was  constructed  specific  ally  for  the  latchup 
window  tests,  and  was  incorporated  as  part  of  the  test  fixture.  A  sketch  of  this  fixture  is 
shown  in  Figure  3. 

2.3.1  Bias  Circuitry 

The  test  circuitry  used  for  these  tests  is  shown  in  the  block  diagram  of  Figure  4. 
This  circuit  consists  of  several  parts: 

1.  A  threshold  detector 

2.  A  control  switch  and  power  reset  circuit 

3.  Device  interface  Circuitry 

4.  Control  circuitry 

5.  Monitor  circuitry 

6.  Timing  circuitry. 

Each  of  these  will  be  discussed  below. 

2.3.2  Threshold  Detector 

The  threshold  detector  senses  the  magnitude  of  the  device-under-test  power  supply 
current.  At  a  preset  time,  variable  from  lust  o  5 00  ms,  the  circuit  determines  whether 
the  current  is  greater  than  a  predetermined  threshold  current.  If  the  current  is  greater 
than  the  threshold,  the  circuit  initiates  action  to  remove  power  from  the  device. 

2.3.3  Control  Switch  and  Power  Reset  Circuitry 

At  the  predetermined  delay  time,  the  power  supply  current  is  measured.  If  the 
power  supply  current  is  greater  than  a  preset  threshold,  power  is  removed  by  turning  off 
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Figure  2.  2N2222  primary  photocurrent  data 
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Figure  3.  Mechanical  layout  of  test  fixture 


Figure  4.  latchup  test  system  block  diagram 


the  VMOS  switch  SI.  The  time  required  for  removing  power  after  the  delay  time  is 
determined  by  the  capacitor  Cl,  a  0.1  m  F  capacitor,  and  the  magnitude  of  the  latch 
current.  This  time  is  given  approximately  by: 

T  ^C1  VC1  X  C1  10  x  0.1  x  10'6 

T  = - j - - - . 

For  a  nominal  latch  current  of  200  mA  and  a  supply  voltage  of  10  V,  the  power  would  be 
removed  in  ~  5  y  s. 

2.3.4  Device  Interface  Circuitry 

The  device  interface  circuitry  provides  the  proper  biases  and  control  signals  to  the 
device  for  latchup  testing  and  to  exercise  the  device  after  the  test.  Separate 
'personality'  circuits  are  constructed  for  each  device  type.  These  circuits  interface 
each  individual  device  with  the  bias  circuitry  and  controller. 

2.3.5  Control  Circuitry 

The  control  circuitry  consists  of  an  HP-85  desktop  computer,  which  interfaces  to  the 
device  through  a  JAYCOR  8600  IEEE  bus  control/interface  unit.  This  system  provides 
the  control  to  set,  reset,  and  exercise  the  device  for  each  test.  All  of  the  devices  were 
functionally  tested  and  set  in  a  predetermined  state  before  each  radiation  exposure  by 
use  of  the  circuitry  described  above  and  the  HP-85  computer. 

2.3.6  Monitor  Circuitry 

The  power  supply  current  was  monitored  using  a  1-ft  resistor  to  sense  the  current. 
The  1-fi  resistor  is  bypassed  for  fast  transients  during  the  ionization  pulse.  Thus,  the 
resistor  monitor  measures  the  long-term  latch  current  should  the  device  latch-up. 

A  Tektronix  CTI  current  transformer  was  used  to  monitor  the  fast  transients  during 
the  pulse.  In  this  way,  both  the  fast  transients  and  the  steady-state  current  were 
monitored. 

In  addition,  the  supply  voltage  at  the  device  power  supply  input  terminal  was 
monitored.  In  this  way,  any  sag  in  the  supply  voftage  was  easily  detected. 
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2.3.7  Timing  Circuitry 

Timing  for  the  latchup  tests  was  initiated  by  the  firing  of  the  Linac.  The  Linac 
trigger  pulse  was  sensed  and  used  for  two  purposes.  The  first  was  to  trigger  the 
recording  instruments.  The  second  was  to  provide  a  delayed  pulse  to  the  power  reset 
circuitry.  This  was  accomplished  by  applying  the  trigger  pulse  to  a  pulse  delay 
generator,  and  delaying  the  pulse  for  a  preset  period  of  time,  for  which  the  latch  would 
be  allowed  to  continue.  Therefore,  if  latchup  occurred,  it  would  continue  until  the  power 
was  removed  and  reset  by  the  delayed  pulse. 

2.4  TEST  PROCEDURE 

The  testing  technique  to  document  latchup  windows  was  to  irradiate  the  device 
under  test  with  at  least  one  pulse  at  a  dose  rate  below  the  threshold,  and  at  least  two 
pulses  above  the  threshold  for  latchup,  but  within  the  window.  This  procedure 
demonstrated  that  the  latch  condition  was  repeatable.  Then  at  least  two  pulses  were 
required  above  the  latchup  window  range  to  demonstrate  clearly  that  no  latchup  occurred 
at  the  higher  dose  rates.  Finally,  another  pulse  was  taken  within  the  latchup  window 
range  to  assure  that  the  window  still  remained  after  all  the  previous  testing. 

2.5  DEVICES 

The  principal  effort  in  this  program  was  to  test  CMOS  devices  and  to  verify  the 
existence  of  latchup  windows  in  these  devices.  The  types  which  were  tested  were  the 
C 04047  multivibrator,  the  CD4061  memory  and  the  C 04094  shift  register.  These  types 
were  chosen  for  test  because  previous  work  (Refs.  1  and  2)  had  reported  latchup  windows 
in  these  devices.  The  bias  circuitry  used  for  these  devices  is  shown  in  Figures  5,  6  and  7. 

In  addition  to  the  CMOS  tests,  a  limited  number  of  bipolar  devices  were  tested. 
These  were  the  54LS138  decoder  and  the  AU580S  regulator.  These  devices  were  chosen 
because  of  availability  and  because  latchup  had  been  reported  in  these  types.  The  bias 
circuitry  used  for  these  tests  is  shown  in  Figures  8  and  9. 

The  nominal  bias  voltage  (V^q)  for  the  CMOS  devices  was  10  volts.  This  voltage 
was  deliberately  varied  in  order  to  observe  any  bias  dependencies  of  the  latchup 
phenomenon.  The  nominal  voltage  for  the  bipolar  devices  is  shown  in  the  figures. 
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Figure  5.  Bias  circuit  and  test  circuit  for  the  CD4047  multivibrator 
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Figure  7.  Bias  and  test  circuit  for  the  CD4094  shift  register 
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Figure  1  Bias  and  test  circuit  for  the  AD580S  regulator 


3.  DEVICES 


3.1  INTRODUCTION 

Although  a  considerable  effort  was  made  to  acquire  test  devices  from  system  houses 
which  had  conducted  government-sponsored  latchup  programs,  only  a  few  devices  were 
able  to  be  collected.  Therefore,  the  first  tests  were  made  strictly  on  CMOS  devices, 
which  were  available  from  previous  ONA  programs. 

3.1.1  CMOS  Test  Devices 

The  CMOS  devices  which  were  available  for  these  tests  are  shown  in  Table  1.  All 
the  devices  were  RCA  C 04000-series  devices;  however,  the  source  and  pedigree  of  the 
devices  did  change.  The  table  shows  the  device  type,  the  number  available  and  the 
controlling  organization  which  acquired  the  devices. 

The  tests  for  latchup  windows  proved  to  be  quite  time  consuming.  Several  pulses 
were  required  to  characterize  the  device  correctly;  therefore,  a  considerable  amount  of 
facility  time  was  required  to  test  each  device.  As  a  result,  it  was  not  possible  to  test  all 
the  available  devices.  The  priorities  for  these  tests  were  to  first  test  those  devices 
which  had  previously  been  reported  to  have  a  latchup  window  in  order  to  verify  the 
existence  of  the  window. 

The  second  priority  was  to  test  new  devices  acquired  from  Sandia.  These  devices 
were  similar  to  the  devices  which  had  already  exhibited  latchup  windows. 

Finally  other  devices  were  tested  as  time  permitted.  In  all,  approximately  39 
devices  were  tested  and  of  these  39,  17  exhibited  the  latchup  window  phenomenon.  A 
brief  summary  of  these  results  is  given  in  Table  2. 

3.1.2  Bipolar  Test  Devices 

A  search  was  made  for  suitable  bipolar  test  vehicles  to  use  in  the  program.  There 
was  limited  success  and  very  little  cooperation  from  systems  houses.  However,  with  the 
assistance  of  DNA,  a  few  devices  were  acquired  from  one  system.  These  devices  were: 

8  -  54LS138  decoders 

4  -  AD580S  regulators. 


20 


Table  1.  CMOS  devices  on  hand  for  latchup  window  program 


Device  Type 

N  umber 

Date  Code 

Source 

Remarks 

CD4047A 

•  A 

7709 

IRT 

Original  source  was  Sandia 

CD4047AD 

20 

923 

IRT 

Commercial  purchase 

CD4047BE 

20 

127 

)  AYCOR 

Commercial  purchase 

CD4047AE 

20 

127 

CRANE 

Commercial  purchase 

CD4061  AD 

24 

7652 

IRT 

Original  source  was  Sandia 

CD4061  AD 

5 

7651 

SANDIA 

— 

CD4061  AD 

20 

049 

J  AYCOR 

Commercial  purchase 

CD4094A 

18 

7939 

IRT 

Original  source  was  Sandia 

CD4094A 

9 

719 

IRT 

Commercial  purchase 

C  D4094  BD 

21 

923 

IRT 

Commercial  purchase 

CD4094BE 

20 

123 

j AYCOR 

Commercial  purchase 

CD4094A 

5 

7705 

SANDIA 

— 

CO4094BE 

20 

127 

CRANE 

Commercial  purchase 

Table  2.  Summary  of  latchup  window  results 


Type 

Number  tested 

Source 

Latchup  window 

Previous  window 

CD4047 

3 

IRT 

1 

0 

2 

)  A VC0R 

0 

• 

0 

3 

SANDIA 

2 

2 

C 04061 

5 

IRT 

5 

5 

2 

] A YCOR 

0 

• 

0 

4 

SANDIA 

4 

• 

0 

C 04094 

10 

IRT 

3 

7 

4 

1 AYCOR 

0 

• 

0 

3 

crane 

0 

# 

0 

3 

SANDIA 

2 

* 

0 

54LS138 

5 

SYSTEM 

( 

• 

0 

A  0580  S 

2 

SYSTEM 

0 

• 

0 

Not  previously  tested. 
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These  devices  were  of  interest  because  they  had  all  failed  a  latchup  screen  test  at  a 
Linac  facility.  In  a  repeat  of  the  latchup  screen  at  a  flash  x-ray  (FXR705),  the  devices 
all  passed  the  screen;  the  apparent  latchup  at  the  Linac  was  blamed  on  long  recovery 
time.  Since  the  dose  rate  used  at  the  FXR  latchup  screen  was  different  from  the  dose 
rate  used  at  the  Linac,  these  devices  made  good  candidates  for  latchup  window  tests. 

These  bipolar  devices  were  then  retested  as  part  of  the  JAYCOR  latchup  window 
program.  Five  of  the  54LS138  devices  and  two  of  the  AD580S  regulators  were  tested  at 
the  IRT  Linac  facility.  The  experiment  was  successful  in  finding  latchup  in  the  54LS138, 
but  definite  evidence  of  a  latchup  window  was  not  found.  However,  in  reducing  the  data 
on  the  54LS138,  one  of  the  devices,  where  a  significant  number  of  pulses  were  taken,  had 
anomalous  results,  which  will  be  described  later. 

Tests  on  the  AD580S  were  inconclusive.  No  latchup  was  attained;  however,  the  test 
configuration  differed  considerably  from  previous  tests. 

3.2  TYPICAL  DATA 

The  experimental  technique  used  to  detect  latchup  used  a  number  of  different 
measurements.  These  were: 

1.  Computer  detection  of  latchup 

2.  Measurement  of  power  supply  current 

3.  Measurement  of  supply  voltage 

4.  Measurement  of  PIN  signal. 

3.2.1  Computer  Detection 

The  computer  system  was  designed  to: 

1.  Exercise  the  device  prior  to  the  test, 

2.  Detect  a  high  power  supply  current  at  a  preset  time  and  remove  power, 

3.  Exercise  the  device  to  determine  if  the  latchup  caused  any  damage. 

Figure  10  shows  an  example  of  the  computer  output  after  a  device  check.  Notice 
that  a  record  of  the  device  type  and  serial  number  is  recorded  as  well  as  the  Linac  pulse 
number.  The  reference  voltage  is  the  preset  value  of  voltage  which  sets  the  current 
level  which  initiates  the  voltage  shutdown  circuit.  In  this  case,  the  voltage  reference  of 
0.3  volts  will  cut  off  the  power  if  the  device  current  sustains  a  value  of  30  mA. 
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Figure  10.  Example  of  HP-85  computer  output  after  a  latchup  event 
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The  particular  device  check  shown  in  Figure  10  has  a  latchup  indication.  The  test 
sequence  after  interrupting  power  to  remove  latchup  indicates  that  the  device  is  still 
functional. 

3.2.2  Power  Supply  Current 

Figure  11  shows  the  Tektronix  transient  digitizer  7912  output  for  the  power  supply 
current.  The  upper  trace  is  the  device  current  displayed  on  a  long  time  scale,  10  y 
s/div.  This  current  is  monitored  across  a  1-tt  resistor  shunted  by  a  0.01  pfd  capacitor. 

For  fast  transients  (early  time  data)  the  device  current  is  also  monitored  with  a  CTI 
current  transformer.  This  is  shown  in  the  lower  trace  of  Figure  11. 

The  device  has  latched  and  continues  to  conduct  200  mA  supply  current  for  90  y  s. 
At  this  point  power  is  removed  and  latchup  terminates. 

3.2.3  Power  Supply  Voltage  and  Dose 

Figure  12  shows  the  Tektronix  7912  output  for  the  PIN  signal  and  the  device  supply 
voltage.  The  upper  trace  is  the  PIN  output  along  with  the  reduced  data  printout  for  the 
dose.  The  dose  is  the  uncorrected  value  and  must  be  corrected  for  PIN  non-linearities. 

The  lower  trace  is  the  device  supply  voltage.  There  is  a  slight  dip  in  the  voltage 
(~  0.6  v)  during  the  prompt  photocurrent  conduction,  caused  by  ohmic  drops  in  the 
circuit.  The  voltage  holds  steady  until  90  y  s  when  the  power  is  removed. 


25 


DEVICE  CD4047  SERIAL  #  S-3 


Z 

o 


2 

Z 

o 


8 

T- 

8 

s 

© 

K 

S  i 

8  5 

►- 

5 

S 


8  8  8  8  8  8°  8 

t  W  N  r  r 

I 

(v«»»)  iN3»anD 


Figure  11.  Typical  supply  current  monitor  output 
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Figure  12.  Typical  PIN  and  supply  voltage  monitor  output 


4.  DATA 


4.1  GENERAL 

This  section  will  present  typical  data  demonstrating  the  existence  of  latchup 
windows.  In  the  course  of  the  tests,  data  were  taken  at  doses  below  the  latchup  window 
threshold,  data  for  at  least  two  pulses  within  the  window,  additional  data  for  at  least  two 
pulses  at  doses  above  the  window  and  a  final  pulse  within  the  window.  In  this  way,  data 
is  taken  for  a  minimum  of  three  pulses  showing  latchup  within  the  region  of  latchup,  and 
at  least  two  pulses  showing  no  latchup  at  higher  dose  levels. 

The  long  term  conduction  current  will  be  presented  in  this  section  as  evidence  of 
latchup.  One  should  keep  in  mind  that  all  data  of  the  type  described  in  section  3.3  are 
available  for  each  pulse. 

4.2  CD4047  DATA 

Figure  13  shows  the  latchup  window  behavior  of  the  CD4047A,  CMOS 
multivibrator.  These  data  were  taken  with  the  supply  voltage  at  10  volts.  The  threshold 
for  latchup  occurred  between  100  and  144  rads  (Si). 

The  actual  latchup  is  shown  in  Figure  13b.  In  this  case,  the  supply  voltage  was 
removed  at  40  ps,  terminating  the  latchup.  We  clearly  see  a  latchup  window,  since  the 
latchup  condition  in  Figure  13  is  bracketed  by  a  higher  and  a  lower  dose  rate  point. 

Table  3  summarizes  the  latchup  results  for  all  the  C 04047  devices  which  were 
tested  in  this  program.  The  CD4047  devices  tested  in  Ref.  2  were  not  reported  to  have 
latchup  windows  in  that  program;  however,  two  windows  were  discovered  in  these  same 
devices  in  the  new  tests.  Another  important  point  to  note  is  that  a  window  was  created 
by  slightly  lowering  the  voltage  (0.2  V)  supplied  to  the  device  CD4047AO-C18.  No 
window  was  found  at  the  higher  voltage. 

The  thresholds  for  latchup  are  compared  to  the  values  previously  obtained  in 
Ref.  2.  These  are  shown  in  parentheses  in  the  table. 
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Figure  13.  Latchup  window  behavior  for  the  CD4047-CMOS  multivibrator,  Vqq  »  10  V,  PW  —70  ms  (CD4047A,  Lot  7709) 
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CD4061  DATA 


Figure  14  shows  the  typical  response  of  the  CD4061  to  the  Linac  pulses.  These  data 
were  taken  with  the  supply  voltage  nominally  at  10  volts.  In  some  cases,  the  voltage  was 
varied  in  order  to  observe  any  bias  dependency  of  the  latchup  window.  The  latchup 
occurred  between  12  and  20  rad(Si). 

The  actual  latchup  is  shown  in  Figure  14b.  In  this  case,  the  supply  voltage  was 
removed  at  about  50  p  s,  terminating  the  latchup.  These  data  clearly  indicate  a  latchup 
window,  since  the  latchup  was  bracketed  by  a  higher  and  lower  dose  point. 

Table  4  summarizes  the  results  for  all  of  the  CD 4061  RAMs  which  were  tested. 
There  is  good  agreement  between  the  devices  tested  in  Ref.  2  and  these  results.  It  is 
again  interesting  to  note,  that  in  two  of  the  devices,  II  and  12,  a  latchup  window  was 
created  by  lowering  the  device  voltage.  For  example,  a  window  was  not  seen  in  device  II 
at  10  volts;  however,  at  7.5  volts,  a  window  was  in  fact  found. 

4.4  CD4094  DATA 

Figure  15  shows  the  typical  response  of  the  CD4094  shift  register  to  the  Linac 
pulses.  These  data  were  taken  with  the  supply  voltage  nominally  at  10  volts,  and  this 
figure  once  again  indicates  the  typical  latchup  window  response. 

Table  5  summarizes  the  results  for  all  of  the  CD4094  devices  tested  in  this 
program.  The  agreement  between  these  results  and  those  obtained  previously  (Ref.  2)  is 
not  as  good  as  might  be  expected.  This  particular  device  seemed  to  be  extremely 
sensitive  to  voltage  and  temperature  variations.  In  fact,  at  the  outset,  the  latchup 
window  could  not  be  reproduced  on  repeated  tests  made  on  different  days  of  the  test.  It 
was  decided  however,  that  tests  at  a  slightly  higher  supply  voltage  might  offset  the 
effects  of  lower  temperature.  A  change  of  0.2  volts  did  in  fact  accomplish  the 
objective.  Once  the  voltage  was  raised  slightly,  the  windows  were  reproduced. 

Some  of  the  early  data  listed  in  the  table  were  taken  before  it  was  decided  to  vary 
the  applied  voltage.  Hence,  the  results  may  not  totally  reproduce  those  of  Reference  2 
on  devices  common  to  both  sets  of  tests.  Slight  variations  in  temperature  and  voltage 
may  account  for  these  discrepancies. 


Figure  14.  Latchup  window  behavior  for  the  CD4061-CMOS  RAM 


Summary  of  latchup  window  results  for  CD4061  devices 
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The  two  values  for  each  threshold  indicate  the  range  in  which  the  threshold  occurs. 
The  values  in  parentheses  are  the  values  previously  attained  in  Reference  2. 

The  currents  are  given  for  the  lowest  dose  where  latchup  has  occurred. 


DEVICE  CD4094  SERIAL  I  P-2 
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BIPOLAR  DATA 


Figures  16a  and  16b  are  oscillograph  tracings  of  the  typical  latchup  response  for  the 
54LS138.  The  figure  shows  latchup  at  two  different  pulsewidths.  During  the  course  of 
the  testing,  it  was  necessary  to  're-tune‘  the  Linac  in  order  to  attain  higher  dose  and 
dose  rate  intensities.  As  a  result,  the  pulsewidth  was  wider  after  ‘re-tune"  (~  11 0  ns). 

Table  6  summarizes  the  latchup  results  for  the  bipolar  devices  tested  in  this 
program.  No  definite  indication  of  a  latchup  window  was  found;  however,  one  anomalous 
result  was  observed.  This  anomaly  is  discussed  later. 
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Figure  16,  Catchup  response  of  54LS138,  decoder,  *=  5.5  V  (54LS138  -  AD2) 
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Table  6.  Summary  of  fatchup  window  tests  for  bipolar  devices 


5.  SUMMARY 


5.1  GENERAL  RESULTS 

All  CMOS  device  types  tested  exhibited  latchup  windows;  however,  there  were  some 
unusual  results  observed.  These  were:  1)  multiple  windows,  2)  non-repeatable  windows 
and,  3)  window  creation. 

Although  one  of  the  two  bipolar  devices  tested  did  undergo  latchup,  no  conclusive 
evidence  of  a  window  was  found.  However,  there  was  a  single  anomaly  in  the  data  for 
one  of  the  bipolar  devices. 

5.1.1  Multiple  Windows 

At  least  one  of  the  CMOS  devices  in  the  test  had  multiple  windows.  That  is,  at  least 
two  regions  of  latchup  were  bracketed  by  regions  of  no  latchup.  These  data  are  shown 
pictorially  in  Figure  17.  How  common  this  phenomenon  may  be  is  not  known,  since  the 
experimental  design  searched  for  the  existence  of  a  latchup  window  and  was  not  designed 
to  look  for  multiple  windows.  Only  in  a  few  cases  was  the  test  continued  after  a  single 
window  was  found  and  verified. 

The  existence  of  multiple  windows  is  probably  not  an  important  observation.  It  may 
be  an  interesting  phenomenon,  and  may  help  in  the  explanation  of  the  mechanisms 
involved;  however,  the  fact  that  latchup  windows  exist  at  all  is  of  greater  consequence. 

5.1.2  Non-repeatable  Windows 

In  a  few  cases  some  difficulty  was  encountered  in  characterizing  the  latchup 
window.  Several  pulses  of  the  Linac  at  the  same  target  dose  did  not  always  result  in 
latchup.  The  explanation  of  this  anomaly  may  be  that  the  device  would  have  a  latchup 
window  extremely  narrow  in  dose  rate.  One  can  see  from  Figure  17  that  a  latchup 
window  can  be  extremely  small.  T'  fore,  slight  variations  in  Linac  pulse  geometry 
may  put  the  test  outside  of  the  latchup  window  range. 


4  x  109 


4  x  10' 


DOSE  RATE  frad(Si)/s) 


Figure  17.  latchup  behavior  for  the  CD4061-CMOS  RAM,  VDL)  »  10  V 


5.1.3  Window  Creation 

On  some  devices,  two  latchup  regions  were  found.  One  region  was  the  latchup 
window  range  itself;  the  other  was  a  'permanent*  latchup  which  extended  beyond  the 
highest  dose  rate  that  could  be  produced  during  the  test.  The  latch  at  the  higher  dose 
rate  range,  in  general,  had  2  to  3  times  larger  'on'  current  than  the  current  within  the 
window  range.  Figure  18  is  an  example  of  this  kind  of  behavior.  At  present,  it  is  not 
known  whether  all  devices  which  have  a  latchup  window  will  also  permanently  latch  at  a 
higher  dose  rate.  If  all  devices  which  have  a  window  do  permanently  latch  at  a  higher 
rate,  then  a  possible  method  of  test  may  be  generated.  Future  tests  should  be  performed 
to  confirm  the  two  regions  of  latchup  for  all  devices. 

Figure  18  displays  tracings  of  the  power  supply  current  for  a  device  tested  in  both 
latchup  ranges.  Figure  18a  is  the  typical  response  within  the  latchup  window  range, 
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CURRENT  (mA) 


DEVICE  4061  SERIAL  #l>2 


(a)  Response  In  latchup  window  range 


DEVICE  4061  SERIAL  fl-2 


(b)  Response  in  permanent  latchup  range 


Figure  18.  Multiple  window  ranges  for  CD4094,  device  no.  1-2 
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while  Figure  18b  is  the  "permanent*  latchup  response.  The  fact  that  the  on  currents  are 
different  (~  200  mA  in  the  window  range;  ~  400  mA  for  the  permanent  latch)  may  indicate 
that  different  paths  are  involved  for  the  two  latchup  regimes. 

On  some  devices,  it  was  possible  to  create  a  latchup  window.  In  at  least  three  cases, 
a  latchup  window  was  uncovered  by  lowering  the  applied  bias  to  the  test  device,  when 
the  bias  was  reduced,  the  dose  rate  threshold  for  the  permanent  latchup  range 
increased.  On  the  other  hand,  the  dose  rate  thresholds  for  the  latchup  window  seemed  to 
be  relatively  less  sensitive  to  the  applied  bias.  At  a  higher  applied  voltage,  the 
permanent  latchup  threshold  may  have  been  lower  in  dose  rate  than  the  latchup  window 
threshold,  thus  masking  the  window.  At  a  reduced  applied  voltage,  the  permanent 
latchup  threshold  would  increase  to  a  dose  rate  level  much  higher  than  the  latchup 
window  range,  thus  uncovering  the  window. 

5.1.4  Bipolar  Anomaly 

In  reducing  the  data  on  the  54LS138  bipolar  device,  anorher  anomalous  result  was 
detected.  The  data  for  this  device  are  displayed  in  Table  7,  arranged  in  the  order  of 

Q 

ascending  dose  rate.  Note  that  at  a  dose  rate  of  4  x  10  rad(Si)/s,  a  latchup  was  not 
obtained. 

The  result  was  not  repeated,  and  therefore,  the  single  anomalous  result  cannot  be 
offered  as  conclusive  evidence  of  a  latchup  window  in  bipolar  devices.  The  instability  of 
the  Linac  beam  made  repeated  tests  at  a  single  dose  point  impractical  at  the  facility 
used. 


5.1.5  Temperature  Sensitivity 

Although  no  direct  measurement  of  the  temperature  sensitivity  of  latchup  and 
latchup  windows  was  made,  a  sensitivity  to  ambient  temperature  was  noted.  Early  in  the 
tests  it  was  noted  that  as  the  ambient  temperature  in  the  test  cell  was  lower,  extreme 
difficult  was  encountered  in  reproducing  results  previously  attained.  The  test  cell 
temperature  varied  at  least  3aC  from  the  beginning  of  a  test  day  to  the  end  of  a  test 
day.  Some  of  the  temperature  sensitivity  in  the  CMOS  tests  was  compensated  for  by 
slightly  raising  the  applied  voltage  (approximately  0.1  to  0.2  volts). 

The  temperature  sensitivity  of  latchup  and  latchup  windows  is  an  important  and 
interesting  problem.  No  methods  of  temperature  control  were  designed  into  the  tests 
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Table  7.  Latchup  data  summary,  5415138,  #AD2 


Dose  PW  Dose  Rate 

[rad(Si)]  (nsec)  (rad(Si)/sec)  Latchup 


reported  here.  However,  the  extreme  sensitivity  noted  here  indicate  that  future  latchup 
tests  should  pay  careful  attention  to  temperature  sensitivities. 


5.2  CONCLUSIONS 

This  program  tested  3  CMOS  device  types  for  latchup  windows.  These  windows  were 
found  and  documented.  Data  were  taken  that  clearly  demonstrated  the  existence  of  the 
windows  by  displaying  the  dose  rate  range  over  which  latchup  occurred.  At  the  present 
time,  no  explanation  of  the  latchup  window  phenomenon  is  offered;  however,  future  work 
will  be  initiated  to  investigate  the  physics  of  this  phenomenon. 

A  limited  number  of  two  types  of  bipolar  devices  were  tested  under  this  program. 
Although  no  conclusive  evidence  of  latchup  windows  was  found,  a  single  anomalous  result 
did  occur. 

Future  work  in  this  area  should  include  mechanism  studies  performed  on  devices 
which  have  demonstrated  latchup  window  behavior.  In  addition,  further  tests  of  bipolar 
devices  should  be  made. 


APPENDIX  A 

LATCHUP  WINDOW  TEST  PLAN  (CMOS) 

A1.  INTRODUCTION 

A1.1  PURPOSE 

This  document  presents  the  general  methods  and  procedures  to  accomplish  the 

objectives  of  the  latchup  window  program  being  conducted  at  JAYCOR.  The  document 
describes  the  test  method,  devices,  and  facility  to  be  used  in  the  tests. 

A1.2  OBJECTIVE 

The  objective  of  this  program  is  to  investigate  the  phenomenon  of  latchup  windows. 
The  specific  test  objectives  are  threefold. 

1.  To  obtain  conclusive  evidence  for  the  existence  of  latchup  windows. 

2.  To  find  specific  devices  which  exhibit  latchup  windows  for  use  in  future  study 
programs. 

3.  To  test  for  the  existence  of  latchup  windows  in  bipolar  devices. 

A1.3  SCOPE 

The  scope  of  these  tests  is  limited  to  linear  accelerator  tests  and  devices.  The 
Linac  to  be  used  will  be  the  White  Sands  Linear  Accelerator.  The  principal  technologies 
to  be  tested  will  be  CMOS  devices,  with  bipolar  devices  being  used  as  they  become 
available. 

A1.4  SEMICONDUCTOR  PARTS 

The  devices  available  to  be  used  in  this  program  are  shown  in  Table  A1.  The  device 
type  and  source  are  shown  in  the  table. 

Other  devices  will  be  included  in  the  program  as  they  become  available.  Some 
candidate  devices  which  we  are  trying  to  obtain  are: 

1.  54LS124 

2.  AD581U 

3.  C  D4508 

4.  TRIDENT  244  RAM 
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Table  A1.  CMOS  devices  on  hand  for  latchup  window  program 


Device  type 

Number 

Source 

Remarks 

CD4047 

24 

IRT 

Original  source  was  Sandia 

CD4047 

19 

IRT 

Commercial  purchase 

CD4047 

20 

J AYCOR 

Commercial  purchase 

CD4047 

20 

CRANE 

Commercial  purchase 

CD4061 

24 

IRT 

Original  source  was  Sandia 

CD4061 

5 

SANDIA 

- 

CD4061 

20 

J  AYCOR 

Commercial  purchase 

CD4094 

18 

IRT 

Original  source  was  Sandia 

CD4094 

9 

IRT 

Commercial  purchase 

CD4094 

21 

IRT 

Commercial  purchase 

CD4094 

20 

)  AYCOR 

Commercial  purchase 

CD4094 

5 

SANDIA 

- 

CD4094 

20 

CRANE 

Commercial  purchase 

A  1.5  TEST  FLOW 

Figure  A1  shows  the  test  flow  diagram  for  the  Linac  tests.  Notice  that  functional 
tests  will  be  performed  after  each  Linac  pulse  to  determine  if  the  device  has  been 
damaged.  A  power  removal  circuit  has  been  incorporated  to  remove  power  to  bring  the 
device  out  of  latchup.  The  power  removal  circuit  is  actuated  by  sensing  the  magnitude 
of  the  current  that  the  device  is  drawing.  More  will  be  said  about  this  circuitry  later. 
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Figure  A1.  Test  flow  diagram  for  latchup  window  program 


A  2.  EQUIPMENT 


A  2.1  FACILITY 

The  tests  covered  by  this  test  plan  will  be  performed  at  the  White  Sands  Linear 
Accelerator  Test  Facility.  The  accelerator  is  operated  by  the  Nuclear  Weapons  Effects 
Division  of  the  Army  Missile  Test  and  Evaluation  Directorate.  The  Linac  is  a  two- 
section,  S-band  accelerator  which  operates  in  the  range  of  1-43  MeV.  Pulsewidths  can  be 
varied  from  0.03  to  10  us, 

A2.1.1  Operating  Characteristics 

The  operating  characteristics  of  the  White  Sands  Linac  are  summarized  in 

Reference  A1.  Some  of  the  more  pertinent  features  as  they  relate  to  those  tests  are 
reproduced  below  for  completeness. 

A2.1.2  Beam  Geometry 

Figure  A1  shows  the  angular  beam  divergence  as  a  function  of  energy.  These  tests 
will  be  performed  for  beam  energies  in  the  range  of  15-20  MeV  which  results  in  a  high 
degree  of  collimation.  Isodose  contours  are  shown  in  Figure  A2,  again  showing  the 
degree  of  collimation  in  the  beam.  It  will  probably  be  necessary  to  use  a  scatterer  to 
spread  the  beam  in  order  to  assure  uniform  dose  across  the  test  devices. 

A2.1.3  Beam  Intensity 

Figure  A3  shows  the  electron  flux  distribution  profile  for  several  distances  from  the 
output  window.  Coupling  this  with  Figures  A4  and  A5  gives  us  an  estimate  of  the 
relative  beam  intensity.  Figure  A4  shows  the  relative  intensity  as  a  function  of  distance, 
while  Figure  AS  gives  the  radiation  in  intensity  with  beam  current. 


A1.  Experimenters'  Guide  for  the  Nuclear  Weapons  Effects  Laboratory  at  White  Sands 
Missile  Range,  New  Mexico. 
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Figure  A2.  Isodose  contours  for  a  15  MeV  beam  issuing  from  the  Linac  window  (Ref.  1) 
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RADIAL  DISTANCE  FROM  BEAM  AXIS  (cm) 


RE-04472 

Figure  A4.  Profiles  of  electron  distribution  across  the  beam  at 
increasing  distances  from  the  output  window 
(Primary  beam  was  1  cm  in  diameter)  (Ref.  1) 
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RELATIVE  ELECTRON  EXPOSURE  (R/sec/mA) 


0  10  100  1C 

DISTANCE  FROM  LINAC  EXIT  WINDOW  (cm) 


RE-04471 


Figure  A5.  Electron  exposure  rates  for  various  energies  at 
increasing  distances  from  the  exit  window  (Ref.  1) 


It  is  clear  that  an  acceptable  dose  rate  range  can  be  achieved  at  reasonable 
distances  from  the  linac  window.  It  appears  that  practical  exposure  distances  will  be  in 
the  range  of  10  to  100  cm. 

A2.1.4  Spectrum 

Another  characteristic  of  importance  for  these  tests  is  the  machine  electron  energy 
spectrum.  A  typical  energy  spread  is  shown  in  Figure  A6.  About  90%  of  the  electrons 
are  within  2.5  MeV  of  the  mean  energy. 

A2.1.5  Scattering 

To  assure  uniform  exposure  to  the  entire  device  cross  section,  an  electron  scatterer 
will  be  used.  This  will  reduce  the  problem  of  'hot  spots*  and  make  axial  alignment  less 
critical.  Figure  A 7  shows  a  plot  of  electron  scattering  angles  as  a  function  of  aluminum 
scattering  thickness.  A  1/8-inch  aluminum  scatter  is  expected  to  be  used  in  these  tests. 

A  2.2  EQUIPMENT 

The  White  Sands  Linac  Facility  is  equipped  with  a  significant  amount  of  support 
equipment.  This  equipment  includes  power  supplies,  oscilloscopes,  tape  recorders  and 
transient  digitizers.  In  terms  of  support  equipment,  these  tests  will  require: 

Techtronix  7912  transient  digitizers 

Power  supplies 

Digital  voltmeter 

Movable  table  for  Linac  exposure 

Dosimetry  (TLDs)and  reader. 

In  addition,  equipment  supplied  by  1AYCOR  will  include: 

HP  Computer/controller 

IAYCOR  7600  switch  matrix 

Test  fixtures 

Cables 

PIN  diode 

Bias  circuitry. 
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ELECTRON  EXPOSURE  (ROENTGEN  EQUIVALENT/ SEC) 


0  100  200  300  400  500  600  700 


BEAM  CURRENT  (mA) 


Figure  A6.  Electron  exposure  rates  for  increasing  beam 
current  at  various  distances  (Ref.  1) 


(RADIANS) 


RE-04469 


Figure  A7.  Scattering  angle  for  electrons  striking  an  aluminum 
sheet  (from  Bethe  and  Ashkin,  E*p.  Nucl.  Phys., 
Segre  (ed.).  Wiley,  1953,  p.  285) 
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Figure  A8.  Electron  energy  spectrum  for  WSMB  Linac  (Ref.  1) 


A3.  GENERAL  REQUIREMENTS 


The  general  testing,  handling  and  data-recording  requirements  for  parts  used  in  this 
test  program  are  described  in  this  section. 

A3.1  PARTS  CONTROL 

Upon  receipt,  all  parts  to  be  tested  will  be  serialized.  A  parts  log  will  be  maintained 
and  will  contain  records  of  all  testing  and  the  radiation  levels  each  device  receives. 

A3.2  ELECTRICAL  TESTS 

All  CMOS  devices  will  be  functionally  tested  before  each  radiation  exposure.  This 
will  be  accomplished  by  use  of  the  |  AYCOR-designed  circuitry.  The  HP-85  wilt 
automatically  functionally  test  the  devices  before  each  subsequent  radiation  exposure. 

latchup  in  these  circuits  will  be  detected  by  observing  an  increase  in  power  supply 
Current  to  the  devices.  An  increase  in  current  will  trigger  a  shutdown  circuit  in  order  to 
prevent  damage  to  the  device. 

A3.3  DEVICE  CIRCUITRY 

Figures  A9,  A10,  and  All  show  the  circuitry  to  be  used  for  testing  the  CMOS 
devices.  These  circuits  are  adapted  from  the  circuitry  used  by  IRT  Corporation  when  the 
latchup  window  phenomenon  was  first  observed.  Modifications  have  been  made  to 
accommodate  the  )  AYCOR  test  circuits  and  to  make  the  test  fixture  portable. 

A3.4  TEST  CIRCUITRY 

A  block  diagram  of  the  JAYCOR  test  circuitry  is  shown  in  Figure  A12.  This  circuit 
consists  of. 

1.  A  threshold  detector 

2.  A  control  switch  and  power  reset  circuit 

3.  Device  interface  circuitry 
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Figure  A9.  Electrical  test  conditions  for  latchup  tests  of  the  CD4047A 
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Figure  A10.  Electrical  test  conditions  for  latchup  tests  of  the  CD4061  A 
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Figure  All.  Electrical  test  conditions  for  latchup  tests  of  the  CD4094A 


T 


LATCHUP 

INDICATOR 


Figure  A12.  Test  circuit  block  diagram 


4.  Control  circuitry 

5.  Monitor  circuitry. 

A  3.4.1  Threshold  Detector 

The  threshold  detector  senses  the  magnitude  of  the  device-under-test  power  supply 
current.  At  a  set  time,  variable  from  1  p  s  to  500  p  s,  the  circuit  determines  if  the 
current  is  greater  than  a  predetermined  threshold  current.  If  the  current  is  greater  than 
the  threshold,  the  circuit  removes  power  from  the  device. 

A3.4.2  Control  Switch  and  Power  Reset  Circuitry 

If  the  power  supply  current  is  greater  than  the  threshold,  power  is  removed  by 
turning  off  the  VMOS  switch  SI.  The  time  constant  for  removing  power  is  determined  by 
the  capacitor  Cl,  and  the  magnitude  of  the  latchup  current.  This  time  constant  is  given 
approximately  by: 

T  ~  1  *  10~6 

I 

A3.4.3  Device  Interface  Circuitry 

The  device  interface  circuitry  provides  the  biases  and  control  signals  to  properly 
bias  the  device  for  latchup  and  to  exercise  the  device  after  the  test.  Separate 
'personality"  circuits  are  constructed  for  each  device  type. 

A3.4.4  Control  Circuitry 

The  control  circuitry  consists  of  an  HP-85  desktop  computer,  which  interfaces  to  the 
device  through  a  JAYCOR  8600  IEEE  bus  control/interface  unit.  This  system  provides 
the  control  to  set,  reset,  and  exercise  the  device  for  each  test. 

A 3.4.5  Monitor  Circuitry 

The  power  supply  current  is  monitored  using  a  1-ft  resistor  to  sense  the  current.  The 
1-JI  resistor  is  bypassed  for  transients  during  the  ionization  pulse.  Thus,  the  resistor 
monitor  measures  the  latchup  current  should  the  device  latch  up. 
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A  CT1  current  transformer  is  used  to  monitor  the  fast  transients  during  the  pulse. 
In  this  way,  both  the  fast  transients  and  the  steady-state  current  are  able  to  be 
monitored. 

In  addition,  the  supply  voltage  at  the  device  power  supply  input  terminal  is 
monitored.  In  this  way,  any  sag  in  the  supply  voltage  can  be  easily  detected. 

A3.S  TEST  FIXTURE 

The  test  fixture  consists  of  an  aluminum/lead  shield  plate  with  an  aluminum 
structure  for  mounting  the  circuitry.  A  schematic  drawing  of  the  fixture  is  shown  in 
Figure  A13.  This  fixture  was  designed  by  the  Naval  Weapons  Support  Center  and  has 
been  used  at  the  White  Sands  Linac  facility.  jAYCOR  has  adapted  the  fixture  for  the 
latchup  window  tests. 

A  3.6  DOSIMETRY 

Calibration  of  the  dose-rate  vs.  distance  characteristics  will  be  done  using  thermo¬ 
luminescent  dosimeters.  Pulse  shape  and  shot-to-shot  variability  will  be  done  using  a  PIN 
diode.  The  PIN  diode  response  will  be  recorded  for  each  pulse  of  the  linac. 


Figure  A13.  Mechanical  test  fixture 


A 4.  TEST  SEQUENCE 


A 4.1  TEST  DEVICES 

In  general,  the  order  of  tests  will  be  as  follows: 

1.  Devices  which  have  shown  a  latchup  window  previously. 

2.  Devices  of  the  same  type  and  lot  which  have  not  yet  been  tested. 

3.  Devices  of  the  same  type  which  have  not  shown  a  latchup  window  but  have 
latched. 

4.  Devices  of  commercial  quality  which  have  not  yet  been  tested. 

This  sequence  is  summarized  in  Table  A2. 

A 4.2  TARGET  RADIATION 

The  pulsewidth  to  be  used  is  approximately  65  ns.  The  target  dose  levels  to  be  used 
are  summarized  in  Table  A3.  These  values  are  based  on  the  expected  latchup  thresholds 
as  previously  measured  for  these  devices,  the  first  level  being  about  an  order  of 
magnitude  lower  than  the  previously  measured  level.  The  dose  (and  the  corresponding 
dose  rate)  is  increased  by  about  one-half  an  order  of  magnitude  up  to  the  point  of  latchup 
threshold,  then  increased  by  smaller  steps  to  search  for  the  window. 

A  4.  3  DATA 

The  following  information  is  to  be  recorded  for  each  test  sequence: 

1.  Date  of  test 

2.  Equipment  list 

3.  Experimenters 

4.  Temperature 

5.  Power  supply  settings 

6.  Calibration  information 

a)  Scopes 

b)  Movable  table 

c)  Dosimetry 
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Table  A2.  Test  devices 


Sequence 

Device  type 

Serial  number 

Source 

1 

CD4061 

5-6,11,23 

IRT/Sandia 

2 

C  D4094 

S-24- 

IRT/Sandia 

P-1, 2,3, 4, 5, 9 

IRT/Commercial 

3 

CD4061 

111,112,113,114,115 

Crane/Sandia 

4 

C 04094 

1,2, 3,4, 5 

Crane/ Sandia 

5 

CD4061 

S-1,2, 4,5,7-10, 12-23 

IRT/Sandia 

6 

CD4094 

S-1, 2,4-9,11-15,17, 20, 22 

IRT/Sandia 

C  D4094 

P-6.7,8 

IRT/Commercial 

7 

CD4061 

1-1-20 

J  AYCOR/Commercial 

8 

C  D4094 

1-1-20 

J  AYCOR/Commercial 

9 

CD4094 

J  —1 —20 

J  AYCOR/Commercial 

10 

C  D4047 

S-1 -25 

1  RT/Sandia 

11 

CD4094 

1-20 

Crane/Commercial 

12 

Others 
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Table  A3.  Approximate  target  dose  values  by  device  type 


rads  (Si) 


CD4061 

CD4094 

CD4047 

1 

10 

10 

5 

50 

50 

10 

100 

100 

20 

200 

200 

40 

400 

400 

60 

600 

600 

100 

800 

800 

500 

1000 

1000 

1000 

2000 

2000 

2000 


Note:  These  dose  levels  are  target  values.  The  condition 

of  the  test  will  determine  exact  levels  used. 


7.  Linac  energy 

8.  Linac  target  pulse 

The  following  information  is  to  be  recorded  for  each  Linac  pulse: 

1.  Device  number  and  identification 

2.  Dose  level 

3.  Pulsewidth 

4.  Latchup/no  latchup 

5.  Latchup  current 

6.  Functionality 

The  following  data  are  to  be  recorded  on  the  Tektronics  7912  transient  digitizers 

1.  PIN  diode  response 

2.  Device  voltage 

3.  Device  transient  current 

4.  Device  steady-state  current. 
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LATCHUP  WINDOW  TESTS 

J.  U  Azarewicz  and  W.  H.  Hardwick 
j  AYCO«7San  Diego,  CA 


ABSTRACT 

This  paper  presents  the  results  of  a  test  program  designed 
to  investigate  the  latchup  window  phenomenon.  Data  on  three 
CD4000  type  CMOS  were  taken  to  clearly  demonstrate  the 
existence  of  windows  and  to  document  the  dose  rate  range 
where  latchup  occurred.  The  paper  also  describes  some 
anomalous  results  which  were  encountered  in  the  tests. 


INTRODUCTION 

This  paper  addresses  the  very  important  issue  of  latchup 
windows  in  integrated  circuits.  This  is  a  serious  problem  and 
requires  careful  consideration  in  each  individual  case  of  system 
design.  Latchup  may  cause  system  failure  through  burnout  of 
the  device  or  through  an  upset  of  the  circuit  in  which  latchup 
occurs. 

The  existence  of  a  latchup  window  was  first  reported  by 
researchers  performing  latchup  testing  of  MOS  integrated  cir¬ 
cuits.1*'*  It  was  found  that  latchup  would  occur  in  some 
devices  for  only  a  small  range  of  dose  rates.  At  dose  rates 
below  a  critical  value,  the  device  would  not  experience  latch¬ 
up.  A  second,  higher  dose  rate  was  found  above  which  latchup 
again  did  not  occur. 

The  purpose  of  the  tests  performed  in  this  program  was  to 
demonstrate  that  latchup  windows  do  in  fact  exist.  Although 
the  previous  studies  of  latchup  windows1  **  discovered  a  num¬ 
ber  of  CMOS  devices  which  apparently  had  latchup  window* 
some  uncertainties  still  exist  in  the  minds  of  many  designers. 
Therefore,  the  first  objective  of  the  tests  was  to  provide  a 
clear  demonstration  of  the  existence  of  the  latchup  window 
phenomenon.  The  tests  were  limited  to  CMOS  devices  of  the 
type  which  had  previously  been  reported  to  have  latchup 
windows.  These  were  the  CD4047,  CD4061,  and  the  C  D4094 
CMOS  integrated  circuits. 


TEST  PROCEDURE 

The  latchuo  window  tests  were  performed  at  the  White 
Sands  Linear  Accelerator  (Linac)  Test  Facility.  The  accel¬ 
erator  is  operated  by  the  Nuclear  Weapons  Effects  Division  of 
the  Army  Missile  Test  and  Evaluation  Directorate.  The  Linac 
is  a  two-section,  S-band  accelerator  which  operates  in  the 
range  of  1-43  MeV.  A  nominal  70  ns  pulsewidth  was  used  for 
these  tests,  with  beam  energy  of  -20  MeV. 

A  variety  of  measuring  and  support  equipment  was  pro¬ 
vided  by  the  White  Sands  Test  Facility.  All  radiation  response 
data  were  recorded  on  Tektronix  7912  transient  digitizers. 
Four  channels  of  data  were  recorded  for  each  pulse  of  the 
Linac. 

Dosimetry  was  performed  using  a  PIN  diode  mounted  near 
the  test  device  package.  The  PIN  was  periodically  calibrated 
against  the  thermoluminescent  dosimetry  (  LD),  provided  by 
the  White  Sands  Facility,  and  the  calibration  was  made  over 
the  full  range  of  expected  dose. 

Figure  1  is  a  plot  of  the  dosimetry  performed  at  the  White 
Sands  Facility.  One  can  see  the  expected  saturation  of  the  PIN 
at  higher  dose  rates.  It  is  important  to  note  that  the  maximum 
dose  available  was  -  2800  rad(Si).  The  minimum  dose  used  was 
-  5  rad(Si).  Thus,  the  dose  rate  range  used  for  these  tests 
extended  from  -10®  rad(Si)/s  to -4  x  1010  rad(Sl)/s. 

A  block  diagram  of  the  test  circuitry  used  for  these  tests 
is  shown  in  Figure  2.  This  test  circuit  consists  of  several 
parts:  (1)  a  threshold  detector,  (2)  a  control  switch  and  power 
reset  circuit,  (3)  monitor  circuitry,  (4)  interface  circuitry,  and 
(S)  control  circuitry. 

The  threshold  detector  senses  the  magnitude  of  the 
device-under-test  (OUT)  power  supply  current.  At  a  preset  and 
variable  delay  time,  the  power  supply  current  is  sensed,  and 


tld  DOS!  -  t ADS (R) 


Figure  I*  PIN  diode  calibration  for  latchup  teats 

should  this  current  be  greater  than  a  predetermined  threshold 
current,  the  circuit  initiates  power  removal  from  the  device 
via  the  VMOS  switch  SI. 

The  time  required  for  removing  power  after  the  delay 
time  is  determined  by  the  capacitor  Cl,  a  0.1  iiF  capacitor, 
and  the  magnitude  of  the  latch  current.  This  time  is  given 
approximately  by: 

_  ^1  vci  '  C1  10  «  0.1  «  io'6 

T  .  — - - - - j -  • 

For  a  nominal  latch  current  of  200  mA  and  a  supply  voltage  of 
TO  V,  the  power  would  be  removed  in  -  5  V  s. 

The  power  supply  current  was  monitored  using  a  1-fi  resis¬ 
tor  bypassed  by  a  0.01  p-F  capacitor.  For  monitoring  fast  tran¬ 
sients  during  the  ionization  pulse,  a  Tektronix  CT1  current 
transformer  was  used.  In  this  way,  both  the  fast  transients  and 
the  steady-state  current  were  monitored. 

In  addition,  the  supply  voltage  at  the  device  power  supply 
Input  terminal  was  monitored.  Any  sag  in  the  supply  voltage 
was  easily  detected. 

The  device  interface  circuitry  provides  the  proper  biases 
and  control  signals  to  bias  the  device  for  latchup  testing  and  to 
exercise  the  device  after  the  test.  Separate  'personality*  cir¬ 
cuits  were  constructed  for  each  device  type.  The:e  circuits 
interface  each  individual  device  with  the  bias  circuitry  and 
controller. 

The  control  circuitry  consists  of  an  HP-85  desktop  com¬ 
puter,  which  Interfaces  to  the  device  through  a  JAY  COR  8600 
IEEE  bus  control/interface  unit.  This  system  provides  the 
control  to  set,  reset,  and  exercise  the  device  for  each  test.  All 
of  the  devices  were  functionally  tested  and  set  in  a  predeter¬ 
mined  state  before  each  radiation  exposure,  by^use  of  the 
circuitry  described  above  and  the  HP-85  computer. 

The  testing  technique  to  document  latchup  windows  was  to 
irradiate  the  device  under  test  with  at  least  one  pulse  at  a  dose 
rate  below  the  threshold,  and  at  least  two  pulses  above  the 
threshold  for  latchup,  but  within  the  window.  This  demon¬ 
strates  that  the  latch  condition  was  repeatable.  Then  at  least 
two  pulses  were  required  above  the  latchup  window  range  to 
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(MISONALItT  CARD) 


F  Igure  2.  Block  diagram  of  taat  circuitry 


clearly  demonstrate  no  latchup  occurred  a(  the  higher  dose 
rates.  Finally,  another  pulse  was  taken  within  the  latchup 
window  range  to  assure  that  the  window  still  remained  after  alt 
the  previous  testing. 


RESULTS 

The  CMOS  devices  which  were  tested  in  this  program  are 
listed  in  Table  1.  All  the  devices  were  RCA  CDAOOO-series 
devices;  however  the  source  and  pedigree  of  the  devices  did 
change.  The  table  presents  the  device  type,  the  number 
tested,  and  the  controlling  organization  which  acquired  the 
devices. 

Many  of  the  devices  had  been  tested  for  latchup  windows 
in  a  previous  program,  and  latchup  windows  were  found  In 
some  of  those  devices.  Devices  that  had  never  been  previously 
tested  are  indicated  in  the  table. 

The  tracings  of  Figure  3  are  typical  response  curves  for 
the  power  supply  current  of  the  C O40A7,  device  number  S-3. 
The  first  trace  Is  the  response  at  a  dose  below  the  window 
range.  Traces  B  and  C  indicate  latchup  at  two  different  doses 
within  the  window  range.  Finally,  trace  D  is  the  response  at  a 
dose  above  the  window  range.  The  device  has  not  latched  at 
this  dose,  clearly  demonstrating  a  latchup  window. 

Table  2  summarizes  the  results  for  all  the  CD4047  devices 
tested  in  this  program.  An  Important  point  to  be  noted  it  that 
one  device  in  lot  923  did  not  have  a  window  at  10-volts  applied 
bias.  However,  when  the  bias  was  slightly  reduced,  a  window 
was  found.  Thus,  in  tome  cases,  the  existence  of  a  latchup 
window  seems  to  have  a  bias  dependency.  It  may  very  well  be 
that  in  this  cate,  the  upper  bound  of  the  latchup  window  was 
beyond  our  testing  capability  at  the  10-volt  bias.  Decreasing 
the  bias  may  have  reduced  the  upper  bound  of  the  latchup 
window  to  a  dose  rate  within  our  testing  capability. 

The  graphs  of  Figure  4  are  tracings  of  a  similar  latchup 
window  response  for  the  CD4061,  device  number  S-113.  These 
curves  demonstrate  a  window  with  a  magnitude  of  about  S 
rad(Si).  It  Is  clear  that  a  narrow  window,  as  Indicated  here, 
can  easily  be  missed  by  ordinary  latchup  screens,  particularly 
when  conducted  at  FXR  facilities  which  do  not  exhibit  good 
pulse  reproducibility. 

Table  3  summarizes  the  results  for  all  the  CD4061  device 
types  tested  in  this  program.  Once  again,  a  latchup  window 
was  created  by  lowering  the  voltage  applied  to  the  device. 


Table  1.  Summary  of  latchup  window  results 


The  graphs  of  Figure  S  are  tracings  which  provide  an 
example  of  a  latchup  window  for  the  CD4094,  device  number 
P-2.  The  response  is  similar  to  the  other  devices,  but,  the 
threshold  for  latchup  and  the  dose  rate  range  of  the  window 
are  both  larger. 


Table  L  Summary  of  latchup  window  results  for  C 04047 
devices  (P.«.  =  70  as) 
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Figure  3.  Latchup  window  behavior  (or  the  CD4047-CMOS  multivibrator,  VQD  %  10  volts  (CD4047A,  Lot  7709) 
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Figure  4.  latchup  window  behavior  Fur  the  CD40CI-CMOS  RAM,  VDO  =  10  waits  (CD40C1AD,  Lot  049) 
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Tabic  i.  Summary  of  latchup  window  results  lor  CD4M1 
devices  (P.h.  =  70  m) 
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Table  4  it  a  summary  of  the  result!  for  all  the  CD4094 
devices  tested  in  this  program.  For  some  of  the  devices.  It  was 
necessary  to  raise  the  bias  voltage  a  few  tenths  of  a  volt  to 
achieve  latchup.  It  should  however,  be  noted  that  the  test  cell 
was  not  temperature-controlled  for  these  tests.  The  test  cell 
temperature  was  found  to  have  varied  a  few  degrees  for  these 
tests,  and  therefore  could  account  for  the  required  higher 
applied  voltage  to  achieve  latchup. 


Table  4.  Summary  of  latchup  window  results  (or  C  04094 
devices  (P.W.  =  70  ns) 

SUMMARY 

All  device  types  tested  exhibited  latchup  windows,  how¬ 
ever,  there  were  some  unusual  results  observed.  These  were: 
(1)  multiple  windows,  (2)  disappearing  windows,  and  (3)  window 
creation. 
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Elflsr*  S.  Latchup  window  behavior  for  the  CFM094*CM0S  shift  register,  Vpp  =  10  volts  (CD4094RD,  Lot  921) 


At  least  one  device  in  the  test  had  multiple  windows.  That 
is,  at  (east  two  regions  of  fate hup  were  bracketed  by  regions  of 
no  latchup.  These  data  are  shown  pictorially  in  Figure  6.  How 
common  this  phenomenon  may  be  is  not  known,  since  the 
experimental  design  scorched  for  the  existence  of  a  latchup 
window  and  was  not  designed  to  look  for  multiple  windows. 
Only  in  a  few  cases  was  the  test  continued  after  a  single 
window  was  found  and  verified. 

in  a  few  cases  some  difficulty  was  encountered  in  charac¬ 
terizing  the  latchup  window.  Several  pulses  of  the  Linac  at  the 
same  target  dose  did  not  always  result  in  iatchup.  The 
explanation  of  this  anomaly  may  be  that  the  device  would  have 
a  latchup  window  extremely  narrow  in  dose.  One  can  see  from 
figure  6  that  a  latchup  window  can  be  extremely  small. 
Therefore,  slight  variations  in  Linac  pulse  geometry  may  put 
the  test  outside  of  the  latchup  window  range. 

On  some  devices,  two  latchup  regions  were  found.  One 
region  was  the  latchup  window  range  itself;  the  other  was  a 
'permanent*  latchup  which  extended  beyond  the  highest  dose 
rate  that  could  be  produced  during  the  test.  The  latch  at  the 
the  higher  dose  rate  range,  in  general,  had  2  to  3  times  larger 
'on*  current  than  the  current  within  the  window  range.  Fig¬ 
ure  7  is  an  example  of  this  kind  of  behavior. 

Figure  7  displays  tracings  of  the  power  supply  current  for 
a  device  tested  in  both  latchup  ranges.  Figure  7(a)  is  the 
typical  response  within  the  latchup  window  range,  while  Fig¬ 
ure  7(b)  is  the  'permanent*  latchup  response.  The  fact  that  the 
on  currents  are  different  (-  200  mA  in  the  window  range, 
-400  mA  for  the  permanent  latch)  may  indicate  that  different 
paths  are  involved  for  the  two  latchup  regimes. 


DEVICE  4061  SERIAL  #1-2 


(a)  Latchup  window  range 


TIME  (#0 


On  some  devices,  it  was  possible  to  create  a  latchup 
window.  In  at  least  three  cases,  a  latchup  window  was  un¬ 
covered  by  lowering  the  applied  bias  to  the  test  device.  When 
the  bias  was  reduced,  the  dose  rate  threshold  for  the 
permanent  latchup  range  increased.  On  the  other  hand,  the 
dose  rate  thresholds  for  the  latchup  window  seemed  to  be 
relatively  less  sensitive  to  the  applied  bias.  At  a  higher 
applied  voltage,  the  permanent  latchup  threshold  may  have 
been  lower  in  dose  rate  than  the  latchup  window  threshold, 
thus  masking  the  window.  At  a  reduced  applied  voltage,  the 
permanent  latchup  threshold  would  increase  to  a  dose  rate 
level  much  higher  than  the  latchup  window  range,  thus 
uncovering  the  window. 

This  program  tested  3  CMOS  device  types  for  latchup 
windows.  These  windows  were  found  and  documented.  Data 
were  taken  to  clearly  demonstrate  the  existence  of  the  win¬ 
dows  by  documenting  the  dose  rate  range  where  latchup 
occurred.  At  the  present  time,  no  explanation  of  the  latchup 
window  phenomenon  is  offered,  however,  future  work  will  be 
initiated  to  investigate  the  physics  of  the  phenomenon. 
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(b)  Permanent  latchup  range 


Figure  7.  Multiple  window  ranges  for  CD4094,  device  no.  h2. 
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Labs 

R.  Reams 

DELHD-NW-RC ,  E.  Boesch 
DELHD-NW-R,  C.  Self 
C.  Fa 2 i 
DELHD-NW-RH 

DCLHD-NW-EA,  J.  Miletta 
DELHD-NW-RA,  W.  Vault 
T.  Conway 
DELHD-NW-P 

DELHD-NW ,  J.  Bombardt 
T.  Griffin 

DELHD-NW-R,  B.  Dobriansky 
DELHD-NW-RC,  J.  McGarrity 
P.  Winokur 

DELHD-NW-R,  H.  Eisen 
DELHD-NW-R,  T.  Oldham 
DELHD-NW-P,  T.  Flory 
J.  Val  1  in 
DELHD-NW-RA 
T.  Taylor 
L.  Harper 

DELHD-NW-EC,  Chief  Lab  21000 
DELHD-NW-R,  R.  McLean 


US  Army  Armament  Rsch  Dev  S  Cmd 


ATTN: 

DRDAR-LCN-F 

ATTN: 

DRDAR-TSI-E,  A. 

Gr inoch 

ATTN: 

ORDAR-LCA-PO 

ATTN: 

DRDAR-TSS ,  Tech 

Div 
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US  Army  Armor  &  Engr  Board 

ATTN:  ATZK-AE-AR,  J.  Dennis 

US  Army  Ballistic  Rsch  Labs 

ATTN:  ORDAR-BLV,  D.  Rigotti 
ATTN:  DRDAR-BLB ,  W.  Vanantwerp 
ATTN:  DRDAR-BLT 


US  Army  Chemical  School 
ATTN:  ATZN-CM-CS 


US  Army  Communications  R&D  Command 
ATTN:  DELET-IR,  E.  Hunter 
ATTN:  DRSEL-CT-HOK,  A.  Cohen 
ATTN:  DRSEL-Nl-RO,  R.  Brown 

US  Army  Communica  t  ions  Sys  Agency 
ATTN:  CCM-RD-T,  S.  Krevsky 

US  Army  Engr  Div,  Huntsville 

ATTN:  HNDED-ED,  J.  Harper 

US  Army  Intel  1  S  Sec  Cmd 

ATTN:  IARDA-OS,  R.  Burkhardt 

US  Army  Material  A  Mechanics  Rsch  Ctr 
ATTN:  DRXMR-B,  J.  Hofmann 
ATTN:  DRXMR-HH,  J.  Dignam 

US  Army  Mobility  Equip  R&D  Cmd 

ATTN:  DROME -E,  J.  Bond,  Jr 

US  Army  Nuclear  A  Chem  Agency 
ATTN:  MONA-WE 
ATTN:  Library 

US  Army  Rsch  Ofc 

ATTN:  R.  Griffith 

US  Army  Signal  Warfare  Lab,  VHFS 
ATTN:  K.  Erwin 

US  Army  Test  and  Evaluation  Comd 
ATTN:  DRSTE-CT-C 
ATTN:  ORSTE-CM-F 

US  Army  TRADOC  Sys  Analysis  Actvy 
ATTN:  ATAA-TFC,  0.  Miller 


US  Army  Training  and  Doctrine  Comd 
ATTN:  ATCD-Z 


US  Army  White  Sands  Missile  Range 


ATTN 

ATTN 

ATTN 

ATTN 

ATTN 

ATTN 

ATTN 


STEWS-TE-N,  K,  Cummings 


STEWS- TE-NT, 
STEWS-TE-AN, 
STEWS-TE-AN, 
STEWS-TE-AN, 


Squires 
A.  De  La  Paz 
T.  Arellanes 
R.  Hays 


STEWS-TE-AN,  J.  Meason 
STEW5-TE-AN,  R.  Dutchover 


USA  Missile 
ATTN: 
ATTN: 
ATTN: 
3  cy  ATTN: 


Cmd 

Hawk  Project  Officer,  DRCPM-HAER 
DRCPM-PE-EA,  W.  Wagner 
DRSMI-SF,  H.  Hendricksen 
Docs  Section 


USA  Night  Vision  S  El ec to-Opt ics  Lab 
ATTN:  DRSEL-NV-SD,  J.  Carter 
ATTN:  DRSEL-NV-SD,  A.  Parker 

XM-1  Tank  System 

ATTN:  DRCPM-GCM-SW 

DEPARTMENT  0 F_  THE  NAVY 

Naval  Air  Systems  Cmd 
ATTN:  AIR  3S0F 
ATTN:  AIR  5324k 
ATTN:  AIR  310 

Naval  Avionics  Ctr 

ATTN:  Code  B415,  D,  Repass 

Naval  Electronic  Systems  Cmd 
ATTN:  PME  117-21 
ATTN:  NAVELEX  51024,  C.  Watkins 
ATTN:  Code  5045,11,  C.  Suman 
ATTN:  Code  50451 

Naval  Intel  1  Support  Ctr 

ATTN:  N1SC,  Library 

Naval  Ocean  Systems  Ctr 

ATTN:  Code  7309,  R.  Greenwell 
ATTN:  Code  4471 

Naval  Postgraduate  School 

ATTN:  Code  1424,  Library 

Naval  Sea  Systems  Cmd 
ATTN:  SEA-04531 
ATTN;  SEA-06J,  R.  Lane 

Naval  Surface  Weapons  Ctr 

ATTN:  Code  F31,  K.  Caudle 

ATTN:  Code  F3U 

ATTN:  Code  F31 

ATTN:  Code  F31,  F.  Warnock 

ATTN:  F31,  J.  Downs 

ATTN:  Code  WA-52,  R.  Smith 

Naval  Weapons  Ctr 

ATTN:  Code  343,  FKA6A2,  Tech  Svcs 

Naval  Weapons  Evaluation  Fac 
ATTN:  Code  AT-6 

Naval  Weapons  Support  Ctr 

ATTN:  Code  3073,  T.  Ellis 

ATTN:  Code  6053,  D.  Platterter 

ATTN:  Code  70242,  J.  Munarin 
ATTN:  Code  605,  j.  Ramsey 

Nuc  Weapons  Tng  Group,  Pacific 
ATTN:  Code  32 

Office  of  the  Deputy  Asst  Sec  of  the  Navy 
ATTN:  L,  Abella 

Office  of  the  Deputy  Chief  of  Naval  Ops 
ATTN:  NOP  985F 
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Naval  Rsch 

Lab 

Headquarters 

ATTN 

Code  6814,  M.  Peckerar 

Air  Force  Systems  Cmd 

ATTN 

Code  6611,  E.  Petersen 

ATTN:  DLCAM 

ATTN 

Code  6816,  E.  Richmond 

ATTN:  DLW 

ATTN 

Code  6510,  H.  Rosenstock 

ATTN 

Code  6813,  N.  Saks 

Air  Force  Tech  Applications  Ctr 

ATTN 

Code  6611 ,  P.  Shapi ro 

ATTN:  TAE 

ATTN 

Code  6612,  0.  Walker 

ATTN 

Code  6612,  R.  Statler 

Air  Force  Weapons  Lab 

ATTN 

Code  4020,  J.  Adams 

ATTN:  NTYEE,  C.  Baum 

ATTN 

Code  6603-J,  J.  McElhinney 

ATTN:  NTYC 

ATTN 

Code  6680,  D.  Nagel 

ATTN:  NTYC,  J.  Ferry 

ATTN 

Code  6816,  G.  Davis 

ATTN:  NTYCT,  J.  Mull  is 

ATTN 

Code  6611,  l.  August 

ATTN:  NTYC,  M.  Schneider 

ATTN 

Code  661 1 ,  J.  Ri tter 

ATTN:  NTYCT,  R.  Tallon 

ATTN 

Code  2627 

ATTN:  SUL 

ATTN 

Code  4040,  J.  Boris 

ATTN:  NTYC,  R.  Maier 

ATTN 

Code  6601 ,  F.  Wol icki 

ATTN 

Code  6816,  H.  Hughes 

Air  Force  Wright  Aeronautical  Lab 

ATTN 

Code  6612,  G.  McLane 

ATTN:  POE-2,  J.  Wise 

ATTN 

Code  6701 

ATTN:  POD,  P.  Stover 

ATTN 

Code  6653,  A.  Namenson 

ATTN 

Code  6600,  J.  Schriempf 

Air  Force  Wright  Aeronautical  Lab 

ATTN 

Code  6610,  R.  Marlow 

ATTN:  TEA 

ATTN 

Code  6680,  D.  Nagel 

ATTN:  LTE 

ATTN 

Code  6816,  D.  Patterson 

ATTN:  LPO,  R,  Hickmott 

ATTN 

Code  6810,  J.  Davey 

ATTN:  TEA,  R.  Conklin 

ATTN 

Code  6813,  J.  Kill iany 

ATTN:  DHE-2 

ATTN 

Code  6635,  G.  Muel ler 

ATTN:  DHE 

ATTN 

Code  6814,  D.  McCarthy 

ATTN 

Code  6682,  0.  Brown 

Air  Logistics  Cmd 

ATTN 

Code  661 1 ,  A.  Campbel 1 

ATTN:  00-ALC/MM 

ATTN 

Code  6816,  R.  Hevey 

ATTN:  MMETH 

ATTN 

Code  6683,  C.  Dozier 

ATTN:  MMEDD 

ATTN 

Code  6613,  R.  Lambert 

ATTN:  MMIFM,  S.  Mallory 

ATTN 

Code  6813,  U.  Jenkins 

ATTN:  MMETH,  R.  Blackburn 

ATTN 

Code  6673,  A.  Knudson 

ATTN:  MMGRW ,  G.  Fry 

ATTN:  A.  Cossens 

Office  of 

iaval  Rsch 

ATTN 

Code  414,  L.  Cooper 

Air  University  Library 

ATTN 

Code  320,  D.  Lewis 

ATTN:  AUL-LSE 

ATTN 

Code  427 

Assistant  Chief  of  Staff 

Strategic 

ystems  Project  Ofc 

Studies  &  Analyses 

ATTN 

NSP-27334,  8.  Hahn 

2  cy  ATTN:  AF/SAMI ,  Tech  Info  Div 

ATTN 

NS  P-2  7  01  ,  J.  Fitsenberger 

ATTN 

NSP-27331,  P.  Spector 

Ballistic  Missile  Office 

ATTN 

N5P-230I,  M.  Meserol e 

ATTN:  ENSN,  H.  Ward 

ATTN 

NSP-2430,  J.  Stillwell 

Ball  istic  Missile  Ofc 

DEPARTMENT 

OF  THE  AIR  FORCE 

ATTN:  ENSN 

ATTN:  SYST,  L-  Bryant 

Aeronautical  Systems  Div 

ATTN:  ENSN,  M.  Williams 

ATTN 

ASD/ENESS,  P.  Marth 

ATTN:  ENMG 

ATTN 

ASO/ENACC,  R.  Fish 

ATTN:  SYST 

ATTN 

ASD/YH-EX,  J.  Sunkes 

ATTN:  ENBE 

ATTN 

ASD/ENTV ,  L.  Robert 

Headquarters 


Air  Force  Geophysics  Lab  Electronic  Systems  Div 


ATTN: 

PHG,  M/S  30,  E.  Mullen 

ATTN:  INDC 

ATTN: 

SULL 

ATTN: 

SULl  S-29 

Foreign  Technology  Div 

ATTN: 

PLIG,  R.  Filz 

ATTN:  PDJV 

ATTN:  TQTD,  B. 

Air  Force  Institute  of  Technology 

ATTN:  ENP,  J.  Bridgeroan  Office  of  the  Secretary  of  the  Air  Force 

ATTN:  Director 
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Rome  Air  Development  Ctr 


ATTN 

RDC,  R. 

Magoon 

ATTN 

RBR ,  J. 

Brauer 

ATTN 

RBRP,  C 

Lane 

Air  Development 

Ctr 

ATTN 

ESE,  A. 

Kahan 

ATTN 

ESR ,  P. 

Vail 

ATTN 

ESR,  W. 

Shedd 

ATTN 

ESR/ET, 

E.  Burke,  M/S 

64 

ATTN 

ESR,  B. 

Buchanan 

ATTN 

ESR,  J. 

Bradford,  M/S 

64 

Sacramento  Air  Logistics  Ctr 


ATTN 

MMEAE,  R.  Dallinger 

Space  Oiv 

ATTN 

AQM 

ATTN 

AQT,  S.  Hunter 

ATTN 

YB 

ATTN 

YD 

ATTN 

YE 

ATTN 

YGJ ,  R.  Davis 

ATTN 

YG 

ATTN 

YK 

ATTN 

YKS,  P.  Stadler 

ATTN 

YKA,  C.  Kelly 

ATTN 

YLVM,  J.  Tilley 

ATTN 

YLS ,  L.  Darda 

ATTN 

YLS 

ATTN 

YL 

ATTN 

YN 

ATTN 

YR 

ATTN 

YV 

Strategic  Air  Cmd 

ATTN 

XPFS,  M.  Carra 

ATTN 

NRI-STINFO,  Library 

Tactical  Air  Cmd 

ATTN 

XPG 

3416th  Technical  Tng  Squadron,  ATC 

ATTN 

TTV 

DEPARTMENT 

OF  ENERGY 

Department  of  Energy 

Albuquerque  Operations  Ofc 

ATTN 

WSSB 

ATTN 

WSSB ,  R.  Shay 

OTHER  GOVERNMENT  AGENCIES 

Central  Intelligence  Agency 

ATTN 

OSWR/STD/MTB 

ATTN 

OSWR ,  T.  Marquitz 

ATTN 

OSWR/NED 

Department  of  Transportation 
Federal  Aviation  Admin 

ATTN 

:  ARD-350 

NASA 

ATTN 

H.  Yearwood 

ATTN 

EG02 

ATTN 

M.  Nowakowski 

ATTN 

L.  Hamiter 

NASA 

ATTN 

Code  724.1,  M 

.  Jhabvala 

ATTN 

Code  311.3,  D 

.  Cleveland 

ATTN 

Code  3 1 1 A ,  J. 

Adol phsen 

ATTN 

Code  654.2, 

.  Danchenko 

ATTN 

Code  5301 ,  G. 

Kramer 

ATTN 

Code  701 ,  W. 

Redisch 

ATTN 

Code  710.2,  0 

.  Haykin,  Jr 

ATTN 

Code  310,  W. 

Womack 

ATTN 

Code  660,  J. 

Trainor 

ATTN 

Code  601,  E. 

Stassinopoul 

ATTN 

Code  695,  M. 

Acuna 

NASA 

ATTN 

M.  Baddour 

NASA 

ATTN 

G.  DeYoung 

NASA 

Headquarters 

ATTN 

Code  D,  W.  McGinnis 

ATTN 

Code  DP,  R.  Karpen 

ATTN 

Code  DP,  B.  Bernstein 

ATTN 

J.  Murphy 

Department  of  Commerce 

National  Bureau  of  Standards 

ATTN 

T.  Russell 

ATTN 

Code  A347,  J. 

Mayo-Wel  1  s 

ATTN 

Code  A361 ,  J 

French 

ATTN 

R.  Scace 

ATTN 

Code  A3 53 ,  S. 

Chappel  1 

ATTN 

Code  A327 ,  H. 

Schrafft 

ATTN 

Code  A305,  K. 

Galloway 

ATTN 

C.  Wilson 

ATTN 

Code  C216,  J. 

Humphreys 

NATO 

NATO 

Schoo 

,  SHAPE 

ATTN 

US  Docs  Offic 

er 

DEPARTMENT 

OF  ENERGY  CONTRACTORS 

University  of  California 

Lawrence  Livermore  National  Lab 

ATTN 

Tech  Info  Dept,  Library 

ATTN 

L-156,  J.  Yee 

ATTN 

L-389,  R.  Ott 

ATTN 

L-1D,  H.  Kruger 

ATTN 

W.  Orvis 

ATTN 

L-13,  D.  Meeker 

ATTN 

L-156,  R.  Kalibjian 

Sandia  National  Labs 

ATTN 

T.  Wrobel 

ATTN 

Div  2143,  H. 

Weaver 

ATTN 

Org  2100,  B. 

Gregory 

ATTN 

Org  2150,  J. 

Hood 

ATTN 

Div  2143,  H. 

Sander 

ATTN 

Div  4232,  L. 

Posey 

ATTN 

Org  9336,  J. 

Renken 

ATTN 

Div  1232,  G. 

Baldwin 

ATTN 

Div  2144,  W. 

Dawes 
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Los  Alamos 

National  Lab 

BDM  Corp 

ATTN 

0.  Lynn 

ATTN 

S.  Meth 

ATTN 

C.  Spirio 

ATTN 

C.  Stickley 

ATTN 

J.  Freed 

ATTN 

MS  0450,  B.  McCormick 

BDM  Corp 

ATTN 

0.  Wilde 

ATTN 

D.  Wunsch 

ATTN 

R.  Anti  none 

DEPARTMENT 

OF  DEFENSE  CONTRACTORS 

ATTN 

Marketing 

Advanced  Rsch  &  Applications  Corp 

Beers  Associates,  Inc 

ATTN 

T.  Magee 

ATTN 

B,  Beers 

ATTN 

L.  Palkuti 

ATTN 

S.  Ives 

ATTN 

R.  Armistead 

Bell  Labs 

Advanced  Rsch  &  Applications  Corp 

ATTN 

0.  Yaney 

ATTN 

A.  Larson 

ATTN 

R.  McPartland 

Aerojet  Electro-Systems  Co 

Bendix  Corp 

ATTN 

P.  Lathrop 

ATTN 

Doc  Con 

ATTN 

0.  Toomb 

ATTN 

SV/8711/70 

Bendix  Corp 

ATTN 

0.  Huffman 

ATTN 

M.  Frank 

Aerospace  Corp 

Bendix  Corp 

ATTN 

J.  Reinheimer 

ATTN 

E.  Meeder 

ATTN 

W.  Crane,  A2/1083 

ATTN 

J.  Stoll 

Boeing  Aerospace  Co 

ATTN 

H.  Phillips 

ATTN 

MS-2R-00,  E. 

Smith 

ATTN 

R.  Crolius 

ATTN 

0.  Mul  key 

ATTN 

A.  Carlan 

ATTN 

MS-2R-00,  I. 

Arimura 

ATTN 

W.  Kolasinski ,  MS,  2 59 

ATTN 

C.  Dixon 

ATTN 

V.  Josephson,  MS-4-933 

ATTN 

MS-2R-00,  A. 

Johnston 

ATTN 

R.  Slaughter 

ATTN 

MS-81-36,  W. 

Dohery 

ATTN 

D.  Fresh 

ATTN 

MS-81-36,  P. 

Blakely 

ATTN 

P.  Buchman 

ATTN 

MS-2R-00,  C. 

Rosenberg 

ATTN 

J.  Wiesner 

ATTN 

C.  Huang 

Boeing  Co 

ATTN 

1.  Garfunkel 

ATTN 

8K-38 

ATTN 

S.  Bower 

ATTN 

H.  Wicklein 

ATTN 

0 .  Sc  hmu  n  k 

ATTN 

R.  Caldwell 

ATTN 

G.  Gilley 

ATTN 

D.  Egelkrout 

ATTN 

B.  Blake 

Booz ,  Allen  and  Hamilton, 

Inc 

Aerospace  Industries  Assoc  of  America,  Inc 

ATTN 

R.  Chrisner 

ATTN 

S.  Siegel 

Burroughs  Corp 

AMPEX  Corp 

ATTN 

Product  Evaluation  Lab 

ATTN 

D.  Knutson 

ATTN 

J.  Smith 

Cal ifornia 

Institute  of  Technology 

ATTN 

J.  Bryden 

Analytic  Svcs,  Inc 

ATTN 

D.  Nichols,  T- 1  ISO 

ATTN 

P.  Szymanski 

ATTN 

K.  Martin 

ATTN 

J.  O'Sullivan 

ATTN 

P.  Robinson 

ATTN 

A.  Shostak 

ATTN 

W.  Price,  MS-83-122 

ATTN 

A.  Shumka 

Applied  Systems  Engrg  Dir 

ATTN 

F.  Grunthaner 

ATTN 

J.  Retzler,  Nuc  S/V  Mang 

ATTN 

W.  Scott 

ATTN 

R.  Covey 

AYCO  Systems  Div 

ATTN 

D.  Shrader 

Cincinnati 

Electronics  Corp 

ATTN 

D.  Fann 

ATTN 

L.  Hammond 

ATTN 

W.  Broding 

ATTN 

C.  Stump 

ATTN 

C.  Davis 

Clarkson  College  of  Technology 

Battel le  Memorial  Institute 

ATTN 

P.  McNulty 

ATTN 

R.  Thatcher 
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Charles  Stark  Draper  Lab,  Inc 


General  Electric  Co 


ATTN 

R. 

Ha  1  tma  i  er 

ATTN 

R.  Benedict 

ATTN 

Tech  Library 

ATTN 

Tech  Library 

ATTN 

D. 

Gold 

ATTN 

J.  Palchefsky,  Jr 

ATTN 

P. 

Grei ff 

ATTN 

Tech  Info  Ctr  for 

ATTN 

R. 

Bedingfield 

ATTN 

U .  Patterson 

ATTN 

A. 

Freeman 

ATTN 

J.  Andrews 

ATTN 

J. 

Boyle 

ATTN 

J.  Peden 

ATTN 

N. 

Tibbetts 

ATTN 

R.  Casey 

ATTN 

R. 

Ledger 

ATTN 

D.  Tasca 

ATTN 

W. 

Cal  lender 

ATTN 

A. 

Schutz 

General  Electric  Co 

Computer  Sciences  Corp 
ATTN:  A,  Schiff 

Control  Data  Corp 

ATTN:  0.  Newberry,  Brr  14D 
ATTN:  T.  Frey 


ATTN: 

L.  Hauge 

ATTN: 

B.  Flaherty 

ATTN: 

G.  Bender 

ATTN: 

J.  Reidl 

General  Electric  Co 

ATTN:  G.  Gati,  MD-E184 


University  of  Denver 

ATTN;  Sec  Officer  for  F.  Venditti 

Develco,  Inc 

ATTN:  G.  Hoffman 

Dikewood 

ATTN;  Tech  Library  for  D.  Pirio 

E-Systems,  Inc 

ATTN:  K.  Reis 

E-Systems,  Inc 

ATTN:  Oiv  Library 

Eaton  Corporation 

ATTN:  A.  Anthony 
ATTN:  R.  Bryant 

Electronic  Industries  Assoc 
ATTN:  J.  kinn 


General  Electric  Co 

ATTN 

D.  Cole 

ATTN 

J.  Gibson 

ATTN 

C.  Hewison 

General  Electric  Co 

ATTN 

D,  Pepin 

General  Research  Corp 

ATTN 

R.  Hill 

ATTN 

E.  Steele 

ATTN 

Tech  Info  Ofc 

ATTN 

A.  Hunt 

George  Washington  University 
ATTN:  A.  Friedman 

Georgia  Institute  of  Technology 

ATTN:  Res  &  Sec  Coord  for  H.  Denny 

Goodyear  Aerospace  Corp 

ATTN:  Sec  Con  Station 


University  of  Florida 
ATTN:  H.  Sisler 


FMC  Corp 

ATTN:  M.  Pollock,  MS  080 

Ford  Aerospace  &  Communications  Corp 
ATTN:  J.  Davison 
ATTN:  H.  Linder 
ATTN:  Tech  Info  Svcs 


Ford  Aerospace  S  Communications  Corp 
ATTN:  E.  Hahn 


Franklin  Institute 

ATTN:  R.  Thompson 

Garrett  Corp 

ATTN:  H.  Weil 


General  Dynamics  Corp 
ATTN:  0.  Wood 
ATTN:  R.  Fields 


Grumman  Aerospace  Corp 
ATTN:  J.  Rogers 

GTE  Communications  Products  Corp 


ATTN: 

W. 

Dunnet 

ATTN: 

L. 

Bla i sdel 1 

ATTN: 

L. 

Paupl  i  s 

GTE  Communications  Products  Corp 
ATTN:  H&V  Group 
ATTN:  P.  Fredrickson 
ATTN:  H.  Ullman 

GTE  Communications  Products  Corp 
ATTN:  C.  Thornhill 
ATTN:  C.  Ramsbottom 
ATTN:  J.  Waldron 

GTE  Microcircuits 


ATTN: 

F.  Krch 

Harris  Corp 

ATTN: 

C.  Davis 

ATTN: 

W.  Abare 

ATTN: 

E.  Yost 
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Harris  Corp 

ATTN 

C.  Anderson 

ATTN 

T.  Sanders,  MS-51 -121 

ATTN 

J.  Schroeder 

ATTN 

Mngr  Bipolar  Digital  Eng 

ATTN 

B.  Gingerich,  MS-51-120 

ATTN 

Mngr  Linear  Engrg 

ATTN 

D.  Williams,  MS-51-75 

ATTN 

J.  Cornell 

Hazeltine  Corp 

ATTN 

C.  Meinen 

ATTN 

0.  Okrent 

Honeywei 1 , 

Inc 

ATTN 

R .  Guam 

ATTN 

f.  Hampton 

ATTN 

D.  Neilsen,  MN  14-3015 

ATTN 

0.  Moylan 

Honeywei 1 , 

Inc 

ATTN 

H.  Noble 

ATTN 

C.  Cerulli 

ATTN 

MS  72 5-5 

ATTN 

J.  Schafer 

ATTN 

R.  Reinecke 

ATTN 

J.  Zawacki 

Honeywei 1 , 

Inc 

ATTN 

Tech  Library 

Honeywei 1 , 

Inc 

ATTN 

L.  Lavoie 

Honeywei 1 , 

Inc 

ATTN 

0.  Lamb 

ATTN 

D.  Herold 

ATTN 

R.  Belt 

Hughes  Aircraft  Co 

ATTN 

K.  Walker 

ATTN 

D.  Binder 

ATTN 

R.  McGowan 

ATTN 

CTDC  6/El  1 0 

Hughes  Aircraft  Co 

ATTN 

E.  Smith 

ATTN 

E ,  Ku  bo 

ATTN 

W.  Scott 

ATTN 

A,  Narevsky 

ATTN 

D.  Shumake 

Hughes  Aircraft  Co 

ATTN 

R.  Henderson 

Hughes  Aircraft  Co 

ATTN 

P.  Coppen 

ATTN 

MS-A2408,  J.  Hall 

IBM  Corp 

ATTN 

Mono  Memory  Systems 

ATTN 

Electromagnetic  Compatibility 

ATTN 

H.  Mathers 

ATTN 

T.  Martin 

IBM  Corp 

ATTN 

J.  Ziegler 
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IBM  Corp 

ATTN 

L.  Rockett 

ATTN 

0.  Spencer 

ATTN 

W.  Henley 

ATTN 

H.  Kotecha 

ATTN 

S.  Saretto 

ATTN 

N.  Haddad 

ATTN 

A.  Edenf ield 

ATTN 

MS  110-036,  F.  Tietze 

ATTN 

W.  Doughten 

HT  Research  Institute 

ATTN 

I .  Mindel 

ATTN 

R,  Sutkowski 

Illinois  Computer  Research  fnc 

ATTN 

E.  Davidson 

Institute  for  Defense  Analyses 

ATTN 

Tech  Info  Svcs 

Intel  Corp 

ATTN 

T .  May 

International  Tel  8,  Telegraph  Corp 

ATTN 

Oept  6 08 

ATTN 

A.  Richardson 

1RT  Corp 

ATTN 

M.  Rose 

ATTN 

R,  Judge 

ATTN 

MDC 

ATTN 

Physics  Div 

ATTN 

Systems  Effects  Div 

ATTN 

R.  Mertz 

ATTN 

J.  Harrity 

ATTN 

N.  Rudie 

JAYCOR 

ATTN 

R.  Berger 

ATTN 

M.  Treadaway 

ATTN 

T.  Flanagan 

ATTN 

R,  Stahl 

ATTN 

L,  Scott 

4  cy  ATTN 

J.  Azarewicz 

4  cy  ATTN 

W.  Hardwick 

JAYCOR 

ATTN 

R.  Sullivan 

ATTN 

E.  Alcaraz 

JATCOR 

ATTN 

R.  Poll 

Johns  Hopkins  University 

ATTN 

R.  Maurer 

ATTN 

P.  Partridge 

Johns  Hopkins  University 

ATTN 

G.  Masson,  Dept  of  Elect  Engr 

Kaman  Sciences  Corp 

ATTN 

Dir  Science  S  Technology  Div 

ATTN 

C,  Baker 

ATTN 

W.  Rich 

ATTN 

N.  Beauchamp 

ATTN 

J.  Erskine 
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Kaman  Tempo 

ATTN:  R.  Rutherford 
ATTN:  W.  McNamara 
ATTN:  DASIAC 

Kaman  Tempo 

ATTN:  DASIAC 
ATTN:  W.  A1 fonte 

Litton  Systems,  Inc 

ATTN:  F.  Mott er 
ATTN:  G.  Maddox 
ATTN:  J.  Retzler 

Lockheed  Missiles  4  Space  Co,  Inc 
ATTN:  F.  Jung a,  52/54-202 
ATTN:  J.  Smith 
ATTN:  Reports  Library 
ATTN:  J.  Crowley 

Lockheed  Missiles  4  Space  Co,  Inc 
ATTN:  K.  Greenough 
ATTN:  8.  Kimura 
ATTN:  L.  Rossi 

ATTN:  S.  Taimuty,  Dept  81-74/154 

ATTN:  D.  Wolfhard 

ATTN:  J.  Cayot,  Dept  81-63 

ATTN:  G.  Lum 

ATTN:  J.  Lee 

ATTN:  K.  Lum,  Dept  81-63 

ATTN;  p.  Bene 

ATTN:  E.  Hessee 

ATTN:  A.  Borofsky,  Dept  66-60,  B/577N 

M.  I , T.  Lincoln  Lab 

ATTN:  P.  McKenzie 

Magnavox  Advanced  Products  4  Sys  Co 
ATTN:  w.  Hagemeier 

Magnavox  Govt  4  Indus  Electronics  Co 
ATTN:  W.  Richeson 

Martin  Marietta  Corp 


ATTN: 

S.  Bennett 

ATTN: 

H.  Cates 

ATTN: 

W.  Janocko 

ATTN: 

U.  Brockett 

ATTN: 

TIC/MP-30 

ATTN: 

R.  Yokomoto 

ATTN: 

J.  Ward 

ATTN: 

J.  Tanke 

ATTN: 

R.  Gaynor 

ATTN: 

MP-163,  W.  Bruce 

ATTN: 

P.  Fender 

ATTN: 

MP-163,  N.  Redmond 

in  Marietta  Denver  Aerospace 

ATTN: 

Rsch  Library 

ATTN: 

Goodwin 

ATTN: 

M,  Shumaker 

ATTN: 

F.  Carter 

ATTN: 

P.  Kase 

ATTN: 

D-6074,  G,  Freyer 

ATTN: 

MS-D6074,  M.  Polzel 

ersity  of  Maryland 

ATTN: 

H .  Lin 

McDonnell  Douglas  Corp 

ATTN:  R.  Kloster,  Dept  E451 

ATTN:  D.  Dohm 

ATTN:  A.  Munie 

ATTN:  T.  End er,  33/6/618 

ATTN:  M.  Stitch,  Dept  E003 

ATTN:  Library 

McDonnell  Douglas  Corp 

ATTN:  D.  Fitzgerald 
ATTN:  J.  Holmgrem 
ATTN:  J.  Imai 
ATTN:  R.  Lothringer 
ATTN:  M.  Onoda 
ATTN:  M.  Ralsten 
ATTN:  P.  Bretch 
ATTN:  P.  Albrecht 

McDonnell  Douglas  Corp 

ATTN:  Tech  Library 

Messenger,  George  C. 

ATTN:  G.  Messenger 

Mission  Research  Corp 

ATTN:  M.  Van  Blaricum 
ATTN:  C.  Longmire 

Mission  Research  Corp 


ATTN: 

D.  Alezander 

ATTN: 

D.  Merewether 

ATTN: 

R.  Pease 

ATTN: 

R.  Turfler 

Mission  Research  Corp,  San  Diego 
ATTN:  J.  Raymond 
ATTN:  B.  Passenheim 

Mission  Research  Corp 
ATTN:  W.  Ware 
ATTN:  J.  Lubell 
ATTN:  R.  Curry 

Mitre  Corp 

ATTN:  M.  Fitzgerald 

Mostek 

ATTN:  MS  640,  M.  Campbell 

Motorola,  Inc 

ATTN:  A.  Christensen 

Motorola,  Inc 

ATTN:  L.  Clark 
ATTN:  0.  Edwards 
ATTN:  C.  Lund 

National  Academy  of  Sciences 

ATTN:  National  Materials  Advisory  Board 

National  Semiconductor  Corp 
ATTN:  J.  Martin 
ATTN:  A.  London 
ATTN:  F.  Jones 

University  of  New  Mexico 
ATTN;  H.  Southward 
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New  Technology, 

Inc 

ATTN:  D. 

Divis 

Norden  Systems, 

Inc 

ATTN:  Tech  Library 

ATTN:  D. 

Longo 

Northrop  Corp 

ATTN:  Z. 

Shanfield 

ATTN:  J. 

Srour 

ATTN:  A. 

Bahraman 

ATTN:  A. 

Raima 

ATTN:  S. 

Othmer 

ATTN:  P. 

Eisenberg 

Northrop  Corp 

ATTN:  L 

Apodaca 

ATTN:  P 

Eisenberg 

ATTN:  S 

Stewart 

ATTN:  D 

Strobel 

ATTN:  P 

Besser 

ATTN:  P 

Gardner 

ATTN:  E 

King,  C3323/WC 

ATTN:  T 

Jackson 

Pacific-Sierra 

Rsch  Corp 

ATTN:  H 

Brode,  Chairman  SAGE 

Palisades  Inst 

for  Rsch  Svcs,  Inc 

ATTN:  Secretary 

Physics  International  Co 

ATTN: 

.  Shea 

ATTN:  Div  6000 

ATTN:  J.  Huntington 

Power  Conversion  Technology,  Inc 

ATTN: 

/.  Fargo 

R  S  D  Associates 

ATTN: 

4.  Karzas 

ATTN: 

P.  Haas 

R  &  D  Associates 

ATTN: 

C.  Rogers 

Rand  Corp 

ATTN: 

P.  Davis 

ATTN: 

C.  Crain 

Rand  Corp 

ATTN: 

B.  Bennett 

Raytheon  Co 

ATTN: 

G.  Joshi 

ATTN: 

J,  Ciccio 

ATTN; 

T.  Wein 

Raytheon  Co 

ATTN: 

A.  Van  Doren 

ATTN: 

H.  Flescher 

RCA  Corp 

ATTN: 

V,  Mane  1  no 

RCA  Corp 

ATTN 

L.  Minich 

ATTN 

D.  O'Connor 

ATTN 

Office  N103 

ATTN 

G.  Hughes 

ATTN 

R,  Smeltzer 

ATTN 

L .  Na  po  1  i 

RCA  Corp 

ATTN 

E.  Schmitt 

ATTN 

W.  Allen 

ATTN 

L.  Debacker 

RCA  Corp 

ATTN 

J.  Saultz 

ATTN 

W.  Heagerty 

ATTN 

R.  Magyarics 

ATTN 

E.  Van  Keuren 

Rensselaer  Polytechnic  Institute 
ATTN:  R.  Ryan 
ATTN:  R .  Gutmann 

Research  Triangle  Institute 
ATTN:  M.  Simons 

Rockwell  International  Corp 

ATTN:  GASO  TIC,  L.  Green 

ATTN:  V.  Strahan 

ATTN:  C.  Kleiner 

ATTN:  V.  Michel 

ATTN:  A.  Rovel 1 

ATTN:  J.  Pickel,  Code  031-BB01 

ATTN:  K.  Hull 

ATTN:  R.  Pancholy 

ATTN:  J.  Blanford 

ATTN:  J.  Bell 

ATTN:  V.  De  Martino 

Rockwell  International  Corp 
ATTN:  D.  Stevens 
ATTN:  TIC  D/41-092,  AJ01 

Rockwell  International  Corp 
ATTN:  TIC  106-216 
ATTN:  A.  langenfeld 

Rockwell  International  Corp 
ATTN:  TIC,  BA08 
ATTN:  T.  Yates 

Sanders  Assoc,  Inc 

ATTN:  M.  Ai tel 
ATTN:  l.  Brodeur 

Science  Appl ications,  Inc 
ATTN:  V.  Orphan 
ATTN:  V.  Verbinski 
ATTN:  0.  Long 
ATTN:  D.  Millward 
ATTN:  R.  Fitzwil  son 
ATTN:  D.  Strobel 
ATTN:  J.  Spratt 
ATTN:  J.  Naber 
ATTN:  J.  Beyster 
ATTN:  L.  Scott 
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Science  Applications,  Inc 

Texas  Instruments,  Inc 

ATTN:  C.  Cheek 

ATTN 

D.  Manus 

ATTN:  J.  Swirczynski 

ATTN 

R.  McGrath 

ATTN 

T.  Cheek,  MS  3143 

Science  Applications,  Inc 

ATTN 

E.  Jeffrey,  MS  961 

ATTN:  W.  Chadsey 

ATTN 

F.  Poblenz,  MS  3143 

ATTN:  J.  Wallace 

ATTN 

R.  Carroll ,  MS  3143 

ATTN 

R.  Stehlin 

Science  Applications,  Inc 

ATTN:  D.  Stribling 

TRW  Electronics  &  Defense  Sector 

ATTN 

J.  Bell 

Scientific  Rsch  Assoc,  Inc 

ATTN 

P.  Guilfoyle 

ATTN:  H.  Grubin 

ATTN 

D.  Clement 

ATTN 

H.  Holloway 

Signetics  Corp 

ATTN 

Vulnerability  &  Hardness  Lab 

ATTN:  J.  Lambert 

ATTN 

P,  Gardner 

ATTN 

W.  Rowan 

Singer  Co 

ATTN 

F.  Friedt 

ATTN:  J.  Brinkman 

ATTN 

H,  Hennecke 

ATTN:  Tech  Info  Ctr 

ATTN 

H.  Volmerange,  Rl/1126 

ATTN:  J.  Laduca 

ATTN 

R.  Reid,  MS  R6/2541 

ATTN:  R.  Spiegel 

ATTN 

A.  Wittles,  MS  Rl/2144 

ATTN 

M.  Ash 

Sperry  Corp 

ATTN 

R.  Kingsland 

ATTN:  Engrg  Lab 

ATTN 

Tech  Info  Ctr 

ATTN 

W.  Willis 

Sperry  Corp 

2  cy  ATTN 

0.  Adams 

ATTN:  J.  Inda 

2  cy  ATTN 

R.  Plebuch 

Sperry  Flight  Systems 

TRW  Electronics  &  Defense  Sector 

ATTN:  D.  Schow 

ATTN 

F.  Fay 

ATTN 

J.  Gorman 

Sperry  Rand  Corp 

ATTN 

C.  Blasnek 

ATTN:  F.  Scaravagl ione 

ATTN 

R.  Kitter 

ATTN:  C.  Craig 

ATTN:  P.  Maraffino 

Vought  Corp 

ATTN:  R.  Viola 

ATTN 

R.  Tomme 

ATTN 

Tech  Data  Ctr 

SRI  International 

ATTN 

Library 

ATTN:  A.  Whitson 

Westinghouse  Electric  Corp 

SRI  International 

ATTN 

J.  Cricchi 

ATTN:  A.  Padgett 

ATTN 

MS  3330 

ATTN 

N.  Bluzer 

Sundstrand  Corp 

ATTN 

H.  Kalapaca,  MS  3330 

ATTN:  Rsch  Dept 

ATTN 

E.  Vitek,  MS  3200 

ATTN 

L.  McPherson 

TeleDyne  Brown  Engrg 

ATTN 

MS  330,  D.  Grimes 

ATTN:  J.  Me Swain 

ATTN:  D.  Guice 

Westinghouse  Electric  Corp 

ATTN:  T.  Henderson 

ATTN 

S .  Wood 

TeteOyne  Systems  Co 

ATTN:  R.  Suhrke 
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